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INTRODUCTION AND OBJECTIVES 

Dust control of construction sites can be a major environmental and 

a, 13 
air quality problem in the hot dry climate of the Phoenix metropolitan area. 

Constant watering is the predominant, if not the only, method used to reduce 

dust quantities arising from construction sites; a practice which may be 

fairly expensive in an area where water can be at somewhat of a premium. 

idatering may also be equipment and labor intensive, yet may sometimes be 

ineffective in dust control on quiescent areas, as well as equipment routings. 

The prtmary objective of this report is to provide (1) a literature 

review of dust control agents and processes, and (2) to consider the feasi- 

bility of selected palliatives and/or in-situ mixed-in-place admixtures, 

as possible alternatives to constant watering of construction sites. 

Palliatives may provide only short term effectiveness on equipment 

routings, but may provide long term effectiveness on quiescent regions such 

as ccmpleted borrow areas. In-situ mixed-in-place admixtures normally 

provide longer term effectiveness on equipment routes, such as a primary 

haul-road. Thus both long and short term dust reduction measures are 

included as a part of this review and analysis. 

Soil characteristics affect palliative product and/or admixture 

usage and effectiveness. Consequently a review of soil types in the Phoenix 

Valley area was conducted, and is suruxnarized herein. 

Reconunendations on palliative/admixture alternatives for use in the 

area are presented herein, while the merits of conducting field test sections 

of such alternatives should be a foredrawn conclusion. However, development 

a Dust has been shown to be a carrier of airborne pulmonary disease 
emanating from animal carcasses in the soil of arid regions [I]. 



of a  "de ta i l ed  f i e l d  i n v e s t i g a t i o n  workplan, es t imated budget, a n t i c i p a t e d  

impact s ta tement  and implementation o b j e c t i v e , "  cannot be f u l l y  achieved 

wi thout  f u r t h e r  knowledge of s p e c i f i c  s i t e ,  o r  s i t e s ,  s o i l  c h a r a c t e r i s t i c s ,  

c o n s t r u c t i o n  p l a n s ,  o r  processes .  

SUMMARY OF MECHANISM OF DUST CONTROL 

V.T SLLL~L~~KY a p p l i c a t i o n  methods a r e  commonly used f o r  d u s t  c o n t r o l :  

(1 )  s u r f a c e  o r  t o p i c a l l y  appl ied spray f o r  both quiescent  o r  t r a v e l l e d  a r e a s ,  

and (2)  nixed-in-place a s  a  t h i n  s u r f a c e  improvement f o r  t r a v e l l e d  a r e a s  only. 

Mixed-in-place, while i n i t i a l l y  somewhat more c o s t l y ,  may achieve longer  term 

p a l l i a t i o n ,  improved s u r f a c e  c h a r a c t e r i s t i c s ,  and reduced maintenance c o s t s ;  

t h e  l a t t e r  due t o  p o t e n t i a l  e l imina t ion  of subsequent pe r iod ic  replacement [ 9 ] .  

Dust from a  qu iescen t  a r e a  o r i g i n a t e s  from a c t i v a t i o n  of s i l t ,  c l a y ,  and 

c o l l o i d a l  p a r t i c l e  s i z e s  by wind; i . e . ,  wind eros ion.  I f  of g r e a t  enough 

v e l o c i t y ,  wind w i l l  a l s o  t r a n s p o r t  sand and /or  f i n e r  aggregate s i z e s .  

However, t h e  smal le r  t h e  p a r t i c l e  s i z e ,  t h e  longer  t h e  d i s t a n c e  t r a n s p o r t e d ,  

and the  g r e a t e r  the t u r b u l e n t  plume of d u s t  both  v e r t i c a l l y  and h o r i z o n t a l l y  

from t h e  source.  Dust ana lyses  have shown conclusively  t h a t  s e l e c t i v e  s o r t i n g  

i s  opera t ive ,  and i s  s i z e - s e l e c t i v e  r a t h e r  than s p e c i f i c  g r a v i t y - s e l e c t i v e  

[9 ,161 .  

Dust from a  roadway o r i g i n a t e s  from e i t h e r  a  degrading aggrega te  o r  

a l a c k  of s t a b i l i t y  of f l o c c u l a t i o n s  of s i l t ,  c l a y ,  and c o l l o i d a l  s i z e  

p a r t i c u l a t e s ;  degradat ion of t h e  aggregate ,  o r  f l o c c u l e s  of aggregated 

f i n e  p a r t i c u l a t e s ,  being generated by v e h i c u l a r  abras ion  and loadings .  

Once abraded o r  degraded, f i n e  p a r t i c u l a t e s  a r e  then a i r b o r n e  by e i t h e r  

t r a f f i c  generated tu rbu lence  o r  on-s i t e  winds. 



Ambient levels of atmospheric deposition of dust have been suggested 

as 1.5 pounds/acre/day of particulates [ 6 ] .  A study of dustfall from 

several unpaved roads has shown a range of less than one to in excess of 

700 pounds/acre/day/lOO vehicles of traffic, with significant above-ambient 

levels of dust occurring in excess of 640 ft from the traffic-generated 

*sources [ 4 , 5 ] .  Median particle diameters determined within the same study 

ranged from 2 to 39 microns (0.002 to 0.039 mm) with the finer particulates 

being carried further from the source. A 1979 EPA report based maximum 

ambient air quality standards as 75 micrograms/cubic meter for particulate 

concentrations 171. Thus, airborne dust is of very small size, with median 

grain sizes of 10 microns or less being of major interest for environmental 

and health considerations [13]. 

An effective dust palliative, and/or chemical soil stabilization agent, 

must therefore provide a stable flocculation, or aggregation, of fine 

particulates, at least increasing stable particle sizes for prevention of 

wind/traffic movement of finely sorted sizes. Water is a temporary means 

of providing particulate flocculation through what might be termed capillary 

cohesion. Water existing between adjacent soil grains creates a tensile 

force due to coupling of the particles by an annular ring of water and an 

accompanying negative pore water pressure. This tensile force is a function 

of surface tension and ring geometry, the latter dependent on grain shape 

and moisture content [15]. Because of increasing curvature of the annulus, 

the tensile force increases as the soil becomes drier. A limiting value 

of the negative pressure is the vapor pressure of the water solution, which 

may be very high in clayey soils and produces a rather hard clod, thus 

increasing stability except under abrasive forces. In fine sands, the soil 



d r i e s ,  but  t h e  t e n s i l e  f o r c e s  drop t o  ze ro ,  l eav ing  loose ,  unbonded sand 

p a r t i c l e s .  

A c o r o l l a r y  t o  s u r f a c e  t ens ion  mechanisms is  t h e  use  of d e l i q u e s c e n t  

and hygroscopic products  a s  d u s t  p a l l i a t i v e s ,  such a s  calcium c h l o r i d e  and 

l i g n o s u l f o n a t e s .  Del iquescents  absorb mois tu re  from t h e  a i r ,  t h e  mois tu re  

then  tending t o  provide  changes w i t h i n  t h e  c a p i l l a r y  t e n s i l e  f o r c e s .  Hygro- 

scop ic  products  i n i t i a l l y  r e t a i n  l a y  down mois ture  which is slowly d i s s i p a t e d  

and may o f t e n  form a  c r u s t  l i k e  s u r f a c e  p a t i n a ;  t h e  p a t i n a  g e n e r a l l y  b e i n g  

s u s c e p t i b l e  t o  loadings  and abras ion ,  a s  w e l l  a s  r a i n f a l l .  Some commonly 

used deliquescent/hygroscopic products  however may p rov ide  unwanted s i d e  

e f f e c t s .  For example, they may be  h i g h l y  a c i d i c ,  t h u s  r e q u i r i n g  (1)  s p e c i a l  

hand l ing  dur ing  shipping and c o n s t r u c t i o n ,  o r  (2)  causing c o r r o s i o n  i f  i n  

c o n t a c t  w i t h  c e r t a i n  meta l s .  I n  a d d i t i o n ,  t h e  u s e f u l  l i f e  of such p roduc t s  

i s  e i t h e r  spen t  a f t e r  t h e  f i r s t  r a i n  o r  t h e  s o i l  s u r f a c e  becomes q u i t e  s l i c k .  

Such p roduc t s  have o f t e n  been noted t o  be  t r a n s p o r t e d  i n t o  groundwater o r  

s t r eams ,  and may a l s o  adverse ly  a f f e c t  v e g e t a t i o n .  

Some palliative/stabilization agen t s  tend t o  c o n c e n t r a t e  i n  a i r -wa te r  

i n t e r f a c e s ,  modifying d i p o l a r  a t t r a c t i o n s  of t h e  wa te r  molecules and t h u s  

changing t h e  s u r f a c e  t e n s i o n ,  o r  c a p i l l a r y  cohesion.  I f , s u r f a c e  t e n s i o n  should 

be  dec reased ,  such a c t i o n  t e n d s  t o  d i s p e r s e  f l o c c u l e s  of f i n e  p a r t i c u l a t e s ,  

whereas i f  s u r f a c e  t ens ion  i s  inc reased ,  t h e  f i n e  p a r t i c u l a t e s  a r e  more 

r e a d i l y  f l o c c u l a t e d ,  and t h u s  more r e s i s t a n t  t o  becoming a i r b o r n e .  

Most f i n e  g ra ined  p a r t i c u l a t e s  c a r r y  a  n e t  n e g a t i v e  charge ,  some 

more than  o t h e r s ,  and o c c a s i o n a l l y  dependent on t h e i r  mineralogy. Through 

t h e  a d d i t i o n  of p o s i t i v e l y  charged a d d i t i v e s ,  t h e  n e g a t i v e l y  charged 

p a r t i c l e s  may be f l o c c u l a t e d ,  o r  bonded e l e c t r o s t a t i c a l l y .  These e l e c t r o s t a t i c  



f o r c e s  can be r e l a t i v e l y  l i g h t  o r  extremely tenacious  dependent on t h e  

physico-chemical p r o p e r t i e s  of both t h e  product and t h e  s o i l  p a r t i c l e s .  

This i s  a p r i n c i p l e  of s e v e r a l  forms of chemical s t a b i l i z a t i o n ,  as w e l l  as 

s t a b i l i z a t i o n  wi th  some s a l t s ,  polymeric compounds, and emuls i f i ed  a s p h a l t s .  

To a s s u r e  c o m p a t i b i l i t y  of t h e  s o i l  and product r e q u i r e s  more than g e n e r a l  

c l a s s i f i c a t i o n  and s t r e n g t h  t e s t s ,  s i n c e  c o m p a t i b i l i t y  may be  more dependent 

on measurement of such s o i l  va lues  a s  s u r f a c e  a r e a ,  z e t a  p o t e n t i a l ,  and 

c a t i o n  exchange capac i ty .  

Some forms of polymeric compounds, emuls i f i ed  p l a s t i c s ,  and emuls i f i ed  

rubber- l ike  compounds may enmesh s o i l  p a r t i c u l a t e s  i n  a  manner s i m i l a r  t o  

roo t  growth of p l a n t s  (81. Successful  spray-on a p p l i c a t i o n s  of such p roduc t s  

may be h i g h l y  dependent on (1) c o m p a t i b i l i t y  of t h e  physico-chemical p r o p e r t i e s  

of both product and s o i l  p a r t i c u l a t e s ,  and (2)  d e n s i t y  of t h e  s u r f a c e  t o  

which t h e  product i s  app l i ed .  I n  t h e  l a t t e r  r ega rd ,  i f  t h e  s u r f a c e  is 

dense,  no p e n e t r a t i o n  may be  achieved and on ly  a  c r u s t a l  p a t i n a  of  product  

may be formed; a  c o n d i t i o n  r e a d i l y  d i s t u r b e d  by any v e h i c u l a r  movement. 

However, where a  r e l a t i v e l y  porous s u r f a c e  is  a v a i l a b l e ,  where t h e  s u r f i c i a l  

s o i l  i s  r e l a t i v e l y  l o o s e ,  o r  where t h e  s o i l  may b e  of a s ing le -g ra ined  

s t r u c t u r e ,  t h e  water c a r r i e r  of such produccs w i l l  o f t e n  t r a n s p o r t  

p o r t i o n s  of t h e  product t o  a  depth  of up t o  1 . 5  t o  2.0 cm. Upon d r y i n g ,  

t h e  mat r ix  o r  r o o t l i k e  enmeshment may then  b e  formed. 

A s  may be noted from t h i s  b r i e f  summary, s i l t ,  c l a y ,  and c o l l o i d a l  

p a r t i c l e s ,  i. e. , those  p a r t i c l e s  smal le r  t h a n  t h e  No. 200 U. S. s t a n d a r d  

mesh, a r e  t h e  primary p a r t i c u l a t e s  t h a t  may be  suspended i n  a i r ,  and t h u s  

need environmental  c o n t r o l .  Adoption of spray-on, p e n e t r a t i o n ,  o r  mixed- 

in-place  a p p l i c a t i o n s  of dust c o n t r o l  p roduc t s  may b e  dependent on: 
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(1) T i m e  c o n s t r a i n t s  i n  r e l a t i o n  t o  permanency of c o n t r o l ,  

( 2 )  Quiescen t  o r  c o n s t r u c t i o n  o r i e n t e d  a c t i v i t i e s ,  

(3)  D e n s i f i c a t i o n  and /o r  porous n a t u r e  of t h e  s o i l  s u r f a c e  t o  which a p p l i e d ,  and 

(4) The c o m p a t i b i l i t y  of physico-chemical and e l e c t r o s t a t i c  p r o p e r t i e s  of bo th  
t h e  s o i l  and p roduc t s .  

Whatever product  may be s e l e c t e d  f o r  a  s p e c i f i c  s o i l  t ype ,  i t s  primary f u n c t i o n s  

must be t o  provide  a  s t a b l e  flocculation/aggregation o r  ma t r ix  enmeshment of t h e  

s i l t ,  c l a y  and c o l l o i d a l  s i z e  p a r t i c u l a t e s  f o r  p reven t ion  of a i r b o r n e  t r a n s p o r t  [5]. 

ESTIMATE OF SOIL PROPERTIES OF PHOENIX METROPOLITAN AREA 

I n  o r d e r  t o  cons ide r  a  d u s t  c o n t r o l  s t r a t e g y ,  o r  s t r a t e g i e s ,  an  

e v a l u a t i o n  of s o i l  t y p e s  found i n  t h e  Phoenix Met ropo l i t an  a r e a  was made 

from two U.S.D.A. s o i l  surveys  of Maricopa County [ 2 , 3 ] .  I n  g e n e r a l ,  t h e  

a r e a  was approximately bounded by a  l i n e  from S u r p r i s e  through L i t c h f i e l d  

Park and Avondale on t h e  w e s t ,  G i l a  River Ind ian  Rese rva t ion  through 

Chandler and Higley on t h e  s o u t h ,  Higley t o  S a l t  River  I n d i a n  Rese rva t ion  

on t h e  e a s t ,  and S a l t  River  Ind ian  Reservat ion  through Lookout Mountain 

and S u r p r i s e  on t h e  n o r t h .  No d a t a  were a v a i l a b l e  however, for t h e  a r e a s  

encompassing both G i l a  River  o r  S a l t  River I n d i a n  Rese rva t ions .  

Most s o i l  i n f o r m a t i o n  covered i n  a g r i c u l t u r a l  s o i l  surveys  i s  only  

genera l i zed  t o  dep ths  of about 5-6 f e e t  from t h e  s u r f a c e .  However, t h i s  i s  

u s u a l l y  adequate  t o  a t  l e a s t  e s t i m a t e  m a t e r i a l  p r o p e r t i e s  i n t o  t h e  upper 

p o r t i o n s  of t h e  p a r e n t  m a t e r i a l  f o r  t h o s e  s o i l s  which may be g e n e r a l l y  deeper 

than  t h e  5-6 f e e t  surveyed by U.S.D.A. 

S o i l s  d i f f e r  i n  a  r eg ion  due t o  v a r i a t i o n s  i n  f i v e  primary f a c t o r s  

t h a t  govern t h e i r  format ion.  Such f a c t o r s  a r e  topography,  c l i m a t e ,  



vege ta t ion lo rgan i sms ,  pa ren t  m a t e r i a l ,  and time. While c l imate  and 

v e g e t a t i o n  genera l ly  provide reg iona l  d i f f e r e n c e s ,  topography, p a r e n t  

m a t e r i a l s ,  and time, a f f e c t  l o c a l  v a r i a t i o n s .  

Climate of t h e  Phoenix region is  warm, a r i d  t o  semi-arid, wi th  an 

average annual r a i n f a l l  of 6-8 inches  and low humidity [2,3]. Snowfall 

i s  r a r e  i n  t h e  v a l l e y  reg ions ,  though l i g h t  dus t ing  may occur  i n  t h e  

mountains above 2500 f t  e l e v a t i o n s .  F ros t  o r  f r e e z i n g  temperatures a r e  

a l s o  r a r e  i n  t h e  region.  Shor t - l ived gus ty  winds a r e  common dur ing  

stormy per iods  o r  passage of low-pressure t roughs .  Climate i n f l u e n c e s  

v e g e t a t i o n ,  t h e  r a t e  a t  which organic  m a t t e r  b u i l d s  o r  decomposes, 

weathering r a t e s  of minera l s ,  and t h e  n a t u r e  of t h e  weathered products  

and/or  removal o r  accumulation of minerals  i n  t h e  s o i l  p r o f i l e .  Though 

r a i n f a l l  i s  low, enough mois tu re  i s  a v a i l a b l e  f o r  weathering of minera l s  

and formation of s i l i c a t e  c l a y s ,  bu t  i s  g e n e r a l l y  inadequate  t o  r a p i d l y  

l each  o r  move c l a y s  and carbonates  i n t o  lower reaches  of t h e  p r o f i l e s .  

The upper reaches of many p r o f i l e s  may con ta in  carbonates ,  thus  providing 

genera l  a l k a l i n e  s o i l  cond i t ions .  Where used,  i r r i g a t i o n  h a s  tended t o  

i n c r e a s e  a l k a l i n e  and ca lca reous  s a l t s  i n  many of t h e  p r o f i l e s .  

Without i r r i g a t i o n ,  t h e  h i g h  temperatures and l ack  of mois tu re  favor  

r a p i d  ox ida t ion  and d e s t r u c t i o n  of organic  mat ter ldecaying vege ta t ion .  

Under such c o n d i t i o n s ,  most s o i l s  of t h e  reg ion  conta in  less than 0.52 

organ ic  m a t t e r ,  many less than 0.1%. Where p l a n t  cover was o r i g i n a l l y  

s p a r s e  but i r r i g a t i o n  h a s  been u t i l i z e d ,  o rgan ic  mat te r  con ten t s  have 

inc reased  t o  near 1%, and i n  a few p r o f i l e s  may have reached 1.5%. Where 

muddy i r r i g a t i o n  water  has  been used,  s i l t ,  c l a y ,  o rgan ic  mat te r ,  and 

s a l t s  have been depos i t ed  i n  t h e  upper s o i l  p r o f i l e s .  Organic matter 



c o n t e n t  a f f e c t s  most dust  c o n t r o l  and s o i l  s t a b i l i z a t i o n  p roduc t s ,  t end ing  

t o  reduce t h e  s o i l / p r o d u c t  composite 's  e f f e c t i v e  aggregation/flocculation 

a b i l i t y .  

Parent  m a t e r i a l  i s  t h e  unconsol idated m a t e r i a l  and /o r  weathered rock 

i n  which a  s o i l  forms. Pa ren t  m a t e r i a l  i n  t h e  Phoenix reg ion  h a s  been 

t r a n s p o r t e d  and deposi ted  by w a t e r ,  o r  r e s i d u a l l y  formed over ,  o r  a d j a c e n t  

t o ,  hard  bedrock. Thus t h e  bulk  of the  s o i l s  of t h e  reg ion  a r e  de r ived  

from al luvium,  o r  i n  l i m i t e d  i n s t a n c e s  from c o l l u v i a l  and r e s i d u a l  sources .  

Transpor t  of a l luvium h a s  been a s s o c i a t e d  w i t h  t h e  major streams of the  

a r e a ,  the  t r i b u t a r i e s  the reof  c o n t r i b u t i n g  l e s s e r  amounts of a l l u v i a l  

development. Alluvium of t h e  reg ion  i s  both  o l d  and r e c e n t ,  and i n  some 

p r o f i l e s  i s  a  d e p o s i t i o n a l  i n t e r m i x t u r e  of  t h e  two. S o i l s  have a l s o  

developed on a l l u v i a l  f a n s  from nearby mountains and may a l s o  b e  o l d  o r  

r e c e n t .  I n  some v a l l e y s ,  younger a l l u v i a l  f a n s  a r e  encroaching on o l d e r  

n a t e r i a l s  of t h e  v a l l e y .  Wind t r a n s p o r t e d  s i l t s  a r e  a minor source  of 

s o i l s  i n  the  a r e a ,  b u t  a r e  g e n e r a l l y  reworked by wa te r  f o r  i n c o r p o r a t i o n  

i n t o  t h e  a l l u v i a l  d e p o s i t s .  

P a r t i c l e  hardness ,  p o r o s i t y ,  p a r t i c l e  s i z e ,  mineralogy,  and p o t e n t i a l  

w e a t h e r a b i l i t y  of t h e  p a r e n t  s o i l s  a r e  v a r i a b l e ,  and dependent on source  

d e r i v a t i o n .  Most of t h e  s o i l s  a r e  de r ived  from a  wide mixture  of igneous ,  

metamorphic, and sedimentary rock  from a  v a r i e t y  of s o u r c e s  and geologic  

ages .  Most of t h e  s o i l s  have been de r ived  from gran i t e -gne i s s ,  b a s a l t ,  

g r a n i t e ,  s c h i s t ,  t u f f ,  a n d e s i t e ,  r h y o l i t e ,  and l imes tone  rock f o m a t i o n s .  

Topography i n f l u e n c e s  s o i l  format ion through its e f f e c t  on mois tu re ,  

e r o s i o n ,  and temperature.  Much of t h e  Phoenix reg ion  i s  c h a r a c t e r i z e d  by 

broad,  f e a t u r e l e s s  v a l l e y s .  Landforms of t h e  reg ion  are mountains, low 



h i l l s ,  a l l u v i a l  f a n s  a t  mountain bases ,  v a l l e y  p l a i n s ,  low s t ream t e r r a c e s ,  

and flood p l a i n s  i n  o r  ad jacen t  t o  the  major stream channels.  Elevat ions  

range from about 750 t o  1600 f t ,  wi th  the  mountains being up t o  about 3500 

f t  [2 ,3 ] .  Erosion has  been a c t i v e ,  some s t e e p  a l l u v i a l  f ans  being t h e  most 

a c t i v e .  Gently s lop ing  a l l u v i a l  f ans  continue t o  r e c e i v e  some d e p o s i t i o n  

dur ing major s torms,  but convex-shaped s lopes  a r e  more erodable ,  producing 

more r u n o f f ,  and a r e  l e s s  leached of calcareous  o r  a l k a l i n e  p roduc t s  than 

f l a t t e r  o r  concave-shaped s lopes .  Some s i l t s  a r e  wind deposi ted on nor th  

and e a s t  f ac ing  mountain s l o p e s ,  s i n c e  r a i n f a l l  and p l a n t  growth a r e  somewhat 

more e f f e c t i v e  thereon,  and temperatures a r e  somewhat coo le r .  

S o i l s  of t h e  region range from very old  t o  very young i n  t h e i r  

development, being p a r t i a l l y  dependent on s t a b i l i t y  of t h e  s u r f i c i a l  m a t e r i a l s .  

Fresh sediments may occur dur ing p e r i o d i c  f lood ing  i n  stream channels o r  on 

flood p l a i n s ,  and t h e  s o i l s  t h e r e i n  may be  q u i t e  young i n  t h e i r  developnent.  

Older s o i l s  may show s l i g h t  t o  considerable  effervescence when t r e a t e d  w i t h  

hydrochlor ic  a c i d ,  wi th  carbonate concret ions  (calcium carbonate w i t h  occasional  

magnesium carbonate)  being r e l a t i v e l y  non-exis tent ,  t o  w e l l  def ined.  Parent  

s o i l s  of t h e  region may t h e r e f o r e  have been i n  p lace  f o r  b u t  a  few, t o  i n  

excess of 7,000 y e a r s  [2 ,3 ] .  

Table 1 p r e s e n t s  t h e  genera l  range of es t imated  engineer ing p r o p e r t i e s  

of s o i l s  in  t h e  Phoenix met ropo l i t an  a r e a ,  boundaries of which were p rev ious ly  

descr ibed [ 2 , 3 ] .  S o i l s  a r e  l i s t e d  i n  accordance wi th  U .  S.D.A. S o i l  S e r i e s  

names [2 ,3] .  Several  series a r e  not  l i s t e d ,  s i n c e  they a r e  extremely 

heterogeneous. For example, such s e r i e s  would inc lude  t h e  Rock Land and 

Rough Broken Land, s o i l s  t h a t  a r e  predominantly g r a v e l l y  t o  rock rubb le ,  and 

e x i s t  on s t r o n g  s l o p e s  a t  h igher  e leva t ions .  



Table I. Range o f  E s t l m r e d  Engineering Proper t ies o f  S o i l s  i n  Greater Phoenix n e t r o p ~ l  i tan Area.' 

Oep I h 
Soi I from 

Ser les Surface, 
i n .  -- 

- 
coarse 

~ l ~ ~ ~ i f i ~ ~ ~ i ~ ~  Frac t ion  8 Pass t Pass L i q u i d  P l a s t i c i t y  Permeabi l i ty ,  
USOA Texttrre Unified-l\ASWTO > 3,in.. No. 40 No.200 L lmi  t . Index, in./hr. . . 

Shrink- 
swel I 

pH poren t la l  

S u l t a b l l  i c y  
as a 

Road F i l l  
Associated 

Landform 

t w d  

Good 

Gwd 

F a i r  

Floodplains, 
lo* terraces.  
a l l w i a l  fans 

Agualt 0-27 
27-60 

Loam ML A-4 0 85-95 55-65 25-35 0-5 0.6-2.0 
Sand SP A-3 0 55-65 0-3 - - -  NP > 20 

7.9-8.4 Low 
7.9-8.4 Lo*  

Sandy loam o r  SH A- 2 0 50-60 15-30 --- NP 2.0-6.0 
grav. sa. In. 

a l l u v i a l  fans 
s t r .  ter races,  
f l oodp la ins  

Anlho 
(sa l i ne -  
a l k a l i )  

Sandy loamor  ftl A - 2 , A - 4  0 50-60 15-30 - - -  NP 2.0-6.0 
grav. sa. Im. 

a l l u v i a l  fans 
s t r .  ter races.  
f loodpla ins 

Avonda Clay 
Loam 
Lmy . 

I m m  CL A-6 0 90-100 70-80 30-35 11-15 0.2-0.6 
HL A-4 0 95-100 55-65 25-35 NP-I0 0.6-2.0 

co. sa. SP o r  Sn A - j  0 55-65 0-10 --- NP 6.0-20.0 

7.9-8.4 Moderate 
7.9-8.4 Low 
7.9-8.4 Low 

Val l ey  p la ins ,  
s t r .  terraces 

Avonda l e Clay loam C L A- 6 0 90-fOo 70-80 30-35 11-15 0.2-0.6 
Loan HL A-4 0 85-95 55-65 25-35 NP-5 0.6-2.0 

Al luv; p la ins .  
s t r .  ter races 

Avonda l e 
( s a l l n e -  
a l k a l i )  

Br l o r  

Clay loam C L A- 6 0 90-100 70-80 30-35 11-15 0.2-5.6 
Loam M A- 4 0 85-95 55-65 25-35 NP-5 0.6-2.0 

Al luv.  p l a i n s .  
s t r .  ter races 

Sandy loam Sn A- 2 0 50-60 25-35 --- NP 2.0-6.0 
Sa. d grav. Sa SP A- l C-5 30-40 0-10 ---  NP 6.0-20.0 

7.9-8.4 Low 
7.9-8.4 Low 

Floodplains. 
lo* t e r r a c o .  
a I l u v I a l  fans 

Good 

Floodplains. 
str.channels. 
a l l u v i a l  fans 

C a r r l z o  0-5 
' 5-60 

G r ,  Sa. Loam Sn A-I ,A-2 0-25 40-50 20-30 ---  HP 2.0-6.0 
V.Gr. co. sa. GW t o  SH R-1 0-25 5-40 5-10 ---  NP > 20 

F a i r  

Cashion 0-27 
27-60 

Clay CL o r  CII A-7,A-6 
1m.-VF Sa.Lm. nL A-4 

1 5- 30 
NP- 5 

--- 
--- 

High 
Lou 

P m r  

F a i r  

F loodpla ins,  
l o u  ter races 

Grav. Loam ML o r  Sfi A-4 
indurated - -  - 
i ime hardpan 

Lou --- A l l u v i a l  fans, 
a t  atn. bases 

Cherioni 0-6 
6-12 

V .g rav . loam GM A-1.A-2 
S i l i c a - l l m c  cemented hardpan 
bedrock 

La,  - - -  P w r  L a *  h i l l s ,  
Iouer mtn. 
s 1 opts  

Clay loam C L A-6 
Clay Cll A- 7 
Clay Im. C I n l .  CL A-6,A-7 

Old a l l u v l a l  
fans 

Moderate 
High 

tbdera te  

P w r  

a~~~ data i n  t h i s  tab le  were taken from. o r  i n te rp re ted  f r a .  references 2 and 3. 



Table 1. Range of Estimated Engineering Proper t i cs  o f  S o i l s  i n  Greater Phoenix Metropol i tan ~ r e a . '  (COHTINUED) 

Depth 
Sol 1 from 

Ser ies  Surface. 
in. -- 

toarsc 
c l a s s l f l w t l o n  F rac t ion  t Pass t Pass L i q u i d  

u n i f i e d  AASHTO 5 3,1n., NO. 40 NO. 200 L i m i t ,  

Shrink- S u i t a b i l i t y  
P l a s t i c i t y  Permeabi l i ty .  ;we1 l as a 

Index, In /hr .  pH po ten t la l  Road F i l l  
Associated 

Landform USDA Texture 

Old a l l u v i a l  
fa1.s. va l  l ey  
p l a i n s  

Cool ldge 0-24 
24-60 

Sandy Loam SM A- 2 0 60-70 25-35 25-30 
Sandy Loam St A-2.A-4 0 60-70 30-45 25-30 

2-4 2.0-6.0 7.9-8.4 L m  Good 
8- 10 2.0-6.0 7.9-8.4 La,  

20-40 0.06-0.2 7.9-8.4 Moderate G o o d  
11-20 0.2-0.6 7.9-8.4 LW 

Old a l l u v i a l  
f ~ n s  

NP 0.6-2.0 7.9-8.4 La* Fa i r  
1" .  18 2 - 0 6  7.9-8.5 l i ~ d r l ' a t ~ .  

Broad a l l u v -  
ial i a ~ ~ , .  IUVI 
1, I . .  -.. 

E s t r e l l a  0-24 
(sa l  l ne -  24-60 
a l k a l i )  

Loam n~ A- 4 0 75-85 65-75 - - -  
Clay Loan EL A-6 0 85-95 70-80 30-40 

7.9-8.4 L o u  
8.5-9.6 Moderate 

F a i r  Broad a l l u v -  
i a l  fans, l o u  
ter races 

Cachado 0-14 
14 

V.gr.Sa.Cl.Loam CC A-6.A-2 5-15 40-50 25-40 30-40 
Bedrock --- --- --- --- --- --- 7.9-8.4 Low - - -  --- Poor Low h i l l s .  

lower mtn. 
slopes 

Clay. CI.Loam CH A- 7 0 90-100 80-90 50-60 7.9-8.4 High 

8.5-9.0 Hlqh 

Poor 

Poor 

Ftoodplalns. 
la, terraces 

Cadsden 0-60 
(sa I i ne- 
a l k a l  1) 

Gilmsn 0-60 

Clay. CI.Loam CH A - 7  0 90-100 80-90 50-60 Floodplains. 
low ter races 

Loam. V. Fine ML A- 4 0 75-85 65-75 - - -  
Sandy Loam 

F a i r  v a l l e y  p la ins ,  
low s t r e r a  
terraces. 
a l l u v l a l  fans 

Va l ley  plalnS. 
la stream 
terraces. 
a l l u v l a l  fans 

Val ley p la ins ,  
la, stream 
terraces. 
a l l u v i a l  fans 

Val ley p la ins ,  
low stream 
terraces.  
f l oodo la ins  

8.4-9.6 Low Cllmdn 0-60 
(sa l I ne- 
a l k a l  I) 

Loam. V. F ine ML A-4 0 75-85 65-75 --- 
Sandy Loam 

F a i r  

G i l n s n  0-28 
Var ian t  28-60 
(4. 
sa l  Ine) 

V. Fine Sa.Lm. ML A- 4 0 75-85 65-75 --- 
S i l t y  Clay CH A- 7 0 90-100 80-90 50-60 

7.9-8.4 Low 
7.9-8.4 High 

Poor 

Glenbar 0-60 Clay Loam. CL A-6.A-7 0 85-95 75-85 35-45 
Si.Clay Loam 

Poor 

" ~ l l  data i n  t i t i s  tab lewere takrr l  from, o r  i n te rp re ted  fran, references 2 and 3. 



!able I. Range o f  € s t  imated Engineering Propert its o f  So1 I s  i n  Greater Phoenix net ropol  i tan ~ r e a . '  (CONTINUED) 

Oep t h  Coarse Shrink- Suitability 
Soi I f ran  Classification Frac t ian  t Pass 8 Pass L 4 q u i d  P l a s t i c i t y  Perrneabii i t y ,  >well  3s a Associated 

Ser les Surface, USOA Texture Vpified ' MSHTO 2 3*in., No. 40 No. ZOO L i m i t ,  Index, l n /h r .  pH p o t e n t l a l  Road F i l l  Landform 
in. % t 

Glenbar 0-60 Clay Loam. CL A-6.A-7 0 
t sa i  ine- Si.Clay Loam 
a l k e l  l )  

Gunsight 0-60 Gr.Loam.V. CC A-2.A-1 0-15 
Cr. LOJIU 

Harqua 0-14 Cr.Ci. Loam, CL A- 6 0 
LO.MI 

14-60 Cr.CI. Loam SC A-6 0-5 

Laveen 0-60 loam HL A-S,A-6 0 

Laveen 0-60 Loaa ML A-4,A-6 0 
(sa l ine-  
a l k a l i )  

Har ipo 0-34 Lorn 5.n A-2 .A-4 o 
34-60 Cr. Sand SM.SP A - 1  0 

rbh+ll 0-35 Clay Loam CL A-6 0 
35-60 V.r.Sa.Loam HL A- 4 0 

Per ryv i  l l e  0-38 Gr. loam SM.SC-SH A-2,A-4 0 
38-60 Sa. Loam St! A- 2 0-10 

Per ryv i  l l e  0-38 G r .  Loam Sn,SC-Stl A-2.A-4 0 
(sa l ine-  38-60 Sa. Loam sn A- 2 0- 10 
a i k a l  i )  

P l w r  0-60 G I .  Loam. CL A- 6 --- 
Caam 

P i n s l  0-12 Loam nL.sn A-4 0-5 
12 Indurated --- --- ---  

s i l i c a -  
ccmcntcd 
hardpan 

'411 data i n  t h i s  tab lcuere  takcn f r m ,  o r  i n te rp re ted  from, rclerences 

35-45 

20-30 

30- 40 

30-40 

25-40 

25-40 

--- 
---  

30-40 
25-35 

25-40 
20- 30 

25-40 
20-30 

--- 

25-35 --- 

2 and 3. 

20- 30 

10-15 

12-20 

11-20 

NP- I S 

NP- 15 

NP 
NP 

20-30 
NP 

5-10 
NP-5 

5-10 
NP- 5 

--.. 

NP- I 0  --- 

k d .  High 

LOW 

Moderate 

Hoderate 

1 ou 

Low 

Lou 
Low 

Moderate 
La,  

1 ow 
Lor, 

L o r  
L a *  

Moderate 

Lou --- 

Poor 

Good 

F a i r  

Fa i r  

Fai r 

Good 

F a i r  

F a i r  

Fslr 

Poor 

Poor ---  

Val ley p l a i n  
lor stream 
terraces, 
f ioodpla inr  

Old a i .  fans 

Old a l l u v i a l  
fans 

Old a l l u v i a l  
fans, v a l l e y  
p la ins.  s t r .  
terraces 

Old a l l u v i a l  
fans, v a l l e y  
p la lns .  s t r .  
ter races 

A l l u v i a l  fans. 
la, s t r .  
terraces. 
f l oodp la ins  

Old a l l u v i a l  
fans, v a l l e y  
p l a i n s  

Old a l l u v i a l  
fans. s t r .  
terraces 

Old a l l u v i a l  
fans, 5 t r .  
terraces 

F loodpla inr ,  
a l l u v l a l  fans 

Old a l l u v i a l  
fans. s t r .  
terraces 



Pina l .  
nod. 
deep 
va r ian t  

Pinomt 

T r i x  

Valencia 

Valencia 
(sa l  lne- 
a l k a l l )  

Vecon t  

V in t  

Table 1. Range of Estimated Engineering Proper t i es  o f  S o i l s  I n  Greater Phoenix Metropol i tan ~ r e a . ~  (CONTINUED) 

Depth Coarse Shrink- Sul t a b l l l t y  
f ran C l a s s i f i c a t i o n  t r a c t i o n  t Pass Pass L i q u i d  P l a s t i c i t y  Permeabi l i ty  sue1 I as a Assoclat td  

Surface, USOA Tcxttrrc Unified AASHTO 2 3-10., no. 40 No. 200 L i m i t ,  index, i n /h r .  , pH p o t e n t l a l  Road F i l l  landform 
2 -  - - 
I". i 6 4 ------- - - -  

Loam nL /I- 4 
Indurated --- ---  
I im- 
s i l i c a  
hardpan 

V Gr.Sa. GM A - ?  
Clay Loam 
V.Grave1 ly GH A -  l 
Sandy C 1 ay loam 

Gr.CI.loam SC,GC A-6  
G r .  Loam sn  A-4 

Clay Loam CL A-6 

Sandy Loam SM A- 2  
ClayLoam. C L  A-6 
Sa.CI. loam 

Sandy loam SM A- 2 
Clay Loam. CL A-6 
Sa.Ci. Loam 

Clay C I I  A- 7 

Loamy Fine St4 A-2 
Sand 

---  
--- 

5-  10 

NP 

WP- I 5  

10-20 
NP- I 0  

20- 30 

NP 
15-20 

MP 
15-20 

30-40 

NP 

L a ,  --- 

L C3.r 

L a ,  

Low 

Moderate 
Lou 

W e r a t e  

la, 

Moderate 

L o r  
Moderate 

High 

Lou 

F a i r  -- - 

Good 

Coed 

F a i r  

P w r  

F a i r  

F a i r  

Poor 

Good 

Old a l l u v i a l  
fans, s t r .  
ter races 

Old a l l u v i a l  
fans a t  mtn. 
bases 

Old a l l u v i a l  
fans. s t r .  
ter races 

Old a l l u v i a l  
fans, s t r .  
ter races 

Val ley p l a i n s .  
l a ,  ter races 

Val ley p la lns .  
a1 l u v l a l  fans 

Val ley p la ins ,  
a l l u v l a l  fats 

Old a l l u v i a l  
fans. v a l l e y  
p i a l n s  

Fioodplalns. 
t a r  t e r r m x s ,  
a l l u v i a l  f am 

"AII data I n  t h i s  tab le  w r e  taken f r m ,  o r  i n re rp re tcd  f ran.  rcferences 2 and 3 .  



A s  may be seen i n  Table 1, t h e  U.S.D.A. t e x t u r a l  c l a s s i f i c a t i o n  n o t e s  

m a t e r i a l s  ranging from c l a y s  t o  g r a v e l l y  coarse  sands .  AASHTO engineer ing 

c l a s s i f i c a t i o n s  range from A-1 t o  A-7 with Unified c l a s s i f i c a t i o n s  ranging 

from GiJ t o  CH,  i n d i c a t i n g  an extreme v a r i a b i l i t y  i n  p o t e n t i a l  s t a b i l i t y  

c h a r a c t e r i s t i c s  f o r  roadway c o n s t r u c t i o n .  Several  s o i l  s e r i e s  con ta in  from 

s l i g h t  t o  s i g n i f i c a n t  percentages  of p a r t i c l e s  g r e a t e r  than 3 inch s i z e .  

Table 1 p r e s e n t s  t h e  genera l  range of percentages  of p a r t i c l e  s i z e s  

pass ing both No. 40 and 200 U.S. Standard s i e v e s ;  i.e., what would be 

c l a s s i f i e d  a s  percentages  of f i n e  sand t o  c o l l o i d a l  s i z e  p a r t i c l e s .  These 

p a r t i c l e  s i z e s  r e p r e s e n t  the  p o t e n t i a l  wind t r a n s p o r t a b l e  d u s t ,  t r a n s p o r t  

d i s t a n c e s  nominally inc reas ing  i n  r e l a t i o n  t o  decrease-d p a r t i c l e  s i z e s .  

Q u a n t i t i e s  of such p a r t i c l e  s i z e s  appear  t o  vary from near  zero  t o  near  1007., 

suggest ing very low t o  ve ry  high p o t e n t i a l s  of t r a n s p o r t a b l e  p a r t i c u l a t e s .  

Graphical  a n a l y s i s  of t h e  range of percent  pass ing both t h e  40 and 200 

s i e v e s  suggested t h r e e  s o r t e d  bands o r  groupings of m a t e r i a l s .  For example, 

a n a l y s i s  of Table 1 d a t a  suggested groupings of m a t e r i a l s  from 70-loo%, 

45-80%. and 5-65%. As might be a n t i c i p a t e d ,  the  l a r g e r  percentages  pass ing  

the No. 40 s i e v e  were a l s o  a c t u a l l y  showing g r e a t e r  q u a n t i t i e s  of p a r t i c l e s  

pass ing t h e  No. 200. C o r r e l a t i o n  c o e f f i c i e n t s  f o r  such groupings from 

r e g r e s s i o n  ana lyses  ranged from 0.72 t o  0.95. 

Taking t h e  above groupings and analyzing l i q u i d  l i m i t s  {LL) and 

p l a s t i c i t y  i n d i c e s  ( P I )  f o r  each,  showed r e s p e c t i v e  LL ranges  of 25-602, 

20-40%, and 15-60% whi le  the  ranges  of P I  were non-plastic(NP)-402, NP-20%, 

and NP-40%. It should b e  noted however, t h a t  t h e  Ebon s e r i e s  inc reased  t h e  

t h i r d  grouping as an o u t l i e r  due t o  i t s  h igh ly  cobbly n a t u r e ;  o therwise  

LL v a l u e s  of t h e  t h i r d  grouping would range f r o u  15-30%. and P I  va lues  from 



NP-15%. While (I) t h e  f i r s t  grouping may have shown l a r g e r  of 

p a r t i c l e  s i z e  pass ing  t h e  No. 40 and 200 s i e v e s ,  dec reas ing  wi th  t h e  second 

and t h i r d  groupings ,  (2) i n  a  l i k e  manner LL and P I  va lues  g e n e r a l l y  dec reas ing  

from t h e  f i r s t  t o  t h i r d  groups ,  whereas (3 )  t h e  q u a n t i t y  of NP s o i l s  from f i r s t  

t o  t h i r d  groups a l s o  tended t o  i n c r e a s e ,  doubling from f i r s t  t o  second, w i t h  

a  s l i g h t  i n c r e a s e  from second t o  t h i r d  group. 

S i g n i f i c a n c e  of t h e  preceding a n a l y s i s  i s  n o t  s o  much r e l a t e d  t o  t h e  

grouping ranges  of p a r t i c l e  s i z e ,  LL, o r  P I ,  a s  i t  i s  t o  t h e  f a c t  t h a t  NP 

m a t e r i a l s  show i n  each grouping of t h e  r e g i o n a l  s o i l s .  P l a s t i c i t y  index 

i s  (1) an e m p i r i c a l  i n d i c a t o r  of t h e  s u i t a b i l i t y  of f i n e  gra ined s o i l  

p a r t i c l e s  t o  a c t  a s  cohesive  b i n d e r s  i n  a  s t a b i l i z e d  s o i l  mixture ,  and 

( 2 )  i s  an empi r i ca l  measure of t h e  cohesive  p r o p e r t i e s  of t h e  s o i l ,  

i n d i c a t i n g  the  degree  of surface-chemical  a c t i v i t y  and bonding p r o p e r t i e s  

of t h e  f i n e  c l a y  and c o l l o i d a l  f r a c t i o n s .  

When coupled wi th  t h e  q u a n t i t y  o r  percentage of 2um (0.002 mm) c l a y ,  

PI  may a l s o  be used i n  de te rmina t ion  of t h e  a c t i v i t y  index ( A I )  [ l o ] ,  which 

c o r r e l a t e s  f a i r l y  w e l l  wi th  c l a y  mineralogy and p o t e n t i a l  of s u r f a c e  

chemical a c t i v i t y .  Data on bo th  percentage pass ing  2um f r a c t i o n  and P I  

was l i m i t e d  t o  on ly  t h e  Cant ine ,  Gilman, and Laveen s e r i e s ,  w i t h  t h e  Vint  

s e r i e s  showing on ly  1-3% pass ing  2um, but  NP f o r  t h e  P I  v a l u e s  [ 3 ] .  Of 

seven va lues  a v a i l a b l e ,  t h e  A 1  median and one s t andard  d e v i a t i o n  were 

determined a s  1.0320.33. While t h e  A1 d a t a  a r e  thus  extremely l i m i t e d ,  

t h e  c a l c u l a t e d  v a l u e s  thereof  suggest  a  p o s s i b i l i t y  of on ly  low t o  moderate 

* 
s u r f a c e  chemical  a c t i v i t y .  For example, a  h i g h l y  a c t i v e  Na montmor i l lon i t e  

might show an A 1  v a l u e  i n  excess  of 3 .  Assuming low t o  rcoderate a c t i v i t i e s  

of t h e  r e g i o n ' s  f i n e r  p a r t i c u l a t e s ,  t h e  a n a l y s i s  t h u s  sugges t s  chemical 



products  wi th  h igh s u r f a c t a n t  o r  f l o c c u l a n t  p r o p e r t i e s  might produce l i t t l e  

o r  no e f f e c t i v e  d u s t  c o n t r o l  measures. Though t h e  f i r s t  two groupings of  

p a r t i c l e  s i z e s  suggest  cons ide rab le  p o t e n t i a l  f o r  l a r g e  q u a n t i t i e s  of wind 

t r a n s p o r t a b l e  f i n e  sands ,  s i l ts  and c l a y s ,  s e l e c t i o n  of d u s t  c o n t r o l  

products  might t h e r e f o r e  have t o  be l i m i t e d  t o  b inders  and/or ma t r ix  

enmeshing types  of agen t s .  

Permeabi l i ty  va lues  presented i n  Table 1 suggest  s o i l  m a t e r i a l s  of 

t h e  region of low t o  medium g r a v i t a t i o n a l  flow. A few excep t ions  may be 

noted a s  e i t h e r  p o t e n t i a l l y  h igh  pe rmeab i l i ty ,  o r  i n  t h e  c a s e  of  hardpan 

s u b s o i l s ,  of very  low permeab i l i ty .  I n  g e n e r a l ,  one might c l a s s i f y  t h e  

bulk. of t h e  r e g i o n ' s  s u b s o i l s  t o  be of somewhat moderate pe rmeab i l i ty .  

From the  s t andpo in t  of dus t  p a l l i a t i v e s  a p p l i e d  a s  sp rays  i n  aqueous s o l u t i o n  

o r  d i s p e r s i o n  forms, t h e  g e n e r a l  p e r m e a b i l i t i e s  suggest  p o s s i b l e  p e n e t r a t i o n ,  

p a r t i c u l a r l y  t o  qu iescen t  a r e a s  where t h e  s o i l s  have no t  been conso l ida ted  

o r  d e n s i f i e d  under t r a f f i c .  S i m i l a r  a p p l i c a t i o n  techniques  might a l s o  be 

j u s t i f i e d  where d e n s i f i c a t i o n  h a s  occurred,  bu t  only  f o r  those  l i m i t e d  s o i l s  

showing more of a  uniform p a r t i c l e  s i z e  d i s t r i b u t i o n ,  such a s  t h e  SP o r  SM 

types  of c l a s s i f i c a t i o n .  

While t h e  r e g i o n ' s  s o i l s  have been de r ived  from both a c i d i c  and 

a l k a l i n e  rock  format ions ,  f a c t o r s  i n f l u e n c i n g  t h e  development of s o i l  

p r o f i l e s  of t h e  region have produced g e n e r a l l y  a l k a l i n e  c o n d i t i o n s .  Th i s  

is  noted i n  t h e  es t ima ted  range of pH v a l u e s ,  Table 1. With pH = 7.0 

being n e u t r a l ,  t h e  lowest  e s t ima ted  pH of t h e  r e g i o n ' s  s o i l s  i s  7 . 9 ,  t h e  

h i g h e s t  9 .6 ;  moderate t o  h igh a l k a l i n i t y .  A number of t h e  r e g i o n a l  s o i l s  

were noted t o  con ta in  anywhere from " f i l a n e n t , "  t o  " s o f t  masses,"  t o  

"strong" concen t ra t ions  of l ime ,  w i t h  a  few i n d i v i d u a l  l i m e  hardpans and 



lime cemented hardpans [ 2 , 3 ] .  It must be assumed therefore that dust control 

products which may be adversely affected by alkaline soil conditions would 

produce none to only short term beneficial effectiveness if applied within 

the Phoenix metropolitan region. 

Shrink-swell potential, Table 1, predominantly relates to the expansion 

or contraction characteristics of the finer clay and colloidal size fractions 

of a soil depending on the availability of soil water. Such characteristics 

also relate to mineralogy of these weathered fine fractions, which in turn 

are related to size and charge of interlayered ions; i.e., surface chemical 

activity as often measured through the cation exchange capacity test. For 

example, montmorillonite undergoes cycles of expansion and shrinkage depending 

on water availability, whereas kaolinitic clays do not. Intermediate between 

the montmorillonites and kaolinites are illitic clay minerals which range from 

less readily expandable, to non-expandable. Many common non-clay minerals 

such as quartz and feldspars are con-expandable but, however, may be somewhat 

prone to bulking in the presence of water. Bulking is a condition more closely 

related to capillary and hygroscopic films of moisture that tend to create 

volumetric increases through opening of the soil skeletal structure, subsequently 

disappearing if more water is added. 

Shrink-swell ratings noted in Table 1 are predominantly low to moderate. 

Such ratings do not specifically define the mineralogical types of fines of 

the Phoenix region, nor whether such ratings are related to bulking rather 

than potential exchange characteristics. However, the ratings suggest that 

either condition is of only low to moderate occurrence. If such occurrence 

is due to possible exchange phenomena, chemical dust control products 

containing low to moderate amounts of exchangeable ions may produce 



flocculation/aggregation effects of the fine particulates. If such occur- 

rence is due to bulking, chemical dust control products which provide greater 

capillary tensile forces than water only, may produce effective flocculation/ 

aggregation. 

In summary, soils of the Phoenix metropolitan region appear viable for 

use with a wide range of dust control products. Exceptions to this statement 

may be: 

(1) Products containing large quantities of surfactants, i.e., products 
which are exclusively dependent on exchange reactions, 

(2) Products which may be incompatible with carbonates, or 

(3) Hygroscopic/deliquescent products, due to low humidity of the 
region and not necessarily related to various properties of the soils. 

LITERATURE REVIEW OF DUST CONTROL AGENTS AND PROCESSES 

Control of dust from construction sites may be viewed as (1) wind 

generated from relatively quiescent areas where construction activities 

are infrequent, and (2) a combination of construction activity plus wind, 

such as may occur with continuous vehicle or equipment movement. Except 

for periods of high or gusty winds, quiescent areas may require only 

limited amounts of preventive control. In predominant areas of construction 

operations, control must be viewed as (1) either a continuous activity or 

(2) as a periodic activity involving placement of palliative agents. 

Regardless of its generated source, dust'creates problems and issues 

involving user costs, environmental quality, public irritation, higher 

maintenance costs of vehicles and equipment, and safety and health hazards 

[1,5,9,13]. Increased public awareness of pollution, conservation of natural 

resources, and increased user costs, have spawned a generation with interest 



i n ,  and development-of ,  methods and products f o r  c o n t r o l  of dus t .  However, 

a s  e a r l y  a s  1909, when t h e  "Office of  Publ ic  Roads" suggested clay-bound 

s tone  a s  t h e  s u r f a c i n g  f o r  roads i n  o r d e r  t o  a l l e v i a t e  d u s t i n g  and r a v e l i n g  

[ 1 2 ] ,  eng inee rs  have at tempted t o  provide  the  p u b l i c  wi th  p o s s i b l e  d u s t  

c o n t r o l  measures. Shore term r e l i e f  from d u s t  has  tended t o  occur through 

t r i a l  and e r r o r  technology by u s e  of a  v a r i e t y  of products  and a d d i t i v e s ,  

such a s  c h l o r i d e s ,  a s p h a l t i c  compounds, o i l s ,  and l i g n i n s .  Most o f t e n  however, 

such t r i a l  and e r r o r  approaches have been l i m i t e d  i n  scope and s u c c e s s ,  and 

where a v a i l a b l e  and a f f o r d a b l e ,  r e v e r s i o n  has  occurred t o  wa te r ing ,  p a r t i c u l a r l y  

i n  c o n s t r u c t i o n  zones. 

Water i s  bu t  a  temporary measure of r e l i e f .  Frequency of water  a p p l i c a -  

t i o n  i n  a c o n s t r u c t i o n  zone depends h e a v i l y  on c l ima te  and weather ,  more 

s p e c i f i c a l l y  on humidity and wind. I n  g e n e r a l ,  r epea ted  l i g h t  a p p l i c a t i o n s  

of water a r e  u s u a l l y  b e t t e r  than a  s i n g l e  heavy a p p l i c a t i o n ,  s i n c e  t h e  

l a t t e r  most o f t e n  t u r n s  d u s t  p a r t i c u l a t e s  t o  mud, t e n d s  t o  d e s t r o y  c a p i l l a r y  

f l o c c u l a b i l i t p  of f i n e  p a r t i c u l a t e s ,  and may even wash away c l a y / c o l l o i d a l  

s i z e  p a r t i c l e s  t h a t  provide  e s s e n t i a l  bonding of s i l t  o r  sand s i z e  p a r t i c l e s .  

Continuous water ing may thus  i n c r e a s e  s u s c e p t i b i l i t y  of a  s o i l  t o  d u s t  

product ion.  

Dust o r i g i n a t e s  from i n s t a b i l i t y  of  t h e  s u r f i c i a l  zone of a  s o i l  

p r o f i l e  t h a t  may be  a t t a c k e d  by t h e  mechanical  f o r c e s  of wind, wa te r ,  o r  

v e h i c l e s .  It i s  t h e r e f o r e  t h e  purpose of any d u s t  c o n t r o l  measure o r  

p roduc t ,  t o  provide  t h e  necessa ry  s t a b i l i z a t i o n  q u a l i t i e s  t o  r e s i s t  such 

mechanical  fo rces .  Normally, s t a b i l i z a t i o n  w i l l  be r equ i red  only w i t h i n  

t h e  upper few inches  of t h e  p r o f i l e ,  th ickness  being dependent on s o i l  

c h a r a c t e r i s t i c s ,  d e n s i t y ,  p e n e t r a b i l i t y ,  wind, humidity,  r a i n f a l l ,  and 



v e h i c u l a r  ab ras ion  and loadings .  

I n  o rde r  t o  prevent  p a r t i c l e s  from becoming a i r b o r n e ,  t h e  s t a b i l i z a t i o n  

product must cause  f l o c c u l a t i o n  of t h e  p a r t i c u l a t e s  e i t h e r  t o  one ano the r  

o r  t o  l a r g e r  s i z e  p a r t i c l e s ,  i . e . ,  aggregate  formation,  o r  be  enveloped 

i n  a  t i g h t l y  formed matrix.  E i t h e r  s t a b i l i z a t i o n  format may b e  accomplished 

through s u r f a c e  p e n e t r a t i o n  a p p l i c a t i o n s ,  o r  through mixed-in-place techniques .  

Surface  a p p l i c a t i o n s  a r e  g e n e r a l l y  more c l o s e l y  a s s o c i a t e d  wi th  u n s t a b l e  

qu iescen t  a r e a s  where a  product may be a b l e  t o  p e n e t r a t e  0.5-1.0 i n c h ,  due t o  

rhe degree of d i s tu rbance  of the  upper p o r t i o n  of t h e  p r o f i l e .  Sur face  

a p p l i c a t i o n s  a r e  of l i t t l e  v a l u e  when app l i ed  on dense ,  t raf f ic-bound s o i l s ,  

due t o  t h e i r  i n a b i l i t y  t o  p e n e t r a t e ,  and a  consequent l a c k  of f l o c c u l a t e d  

o r  aggregat ion development. Mixed-in-place techniques  a r e  more c l o s e l y  

a s s o c i a t e d  wi th  t r a f f i c k e d  a r e a s ,  where a  product can  be  i n t i m a t e l y  mixed 

i n t o  t h e  upper 2-4 inches  and compacted. Mixed-in-place techniques  g e n e r a l l y  

provide  longer  term e f f e c t i v e n e s s  of d u s t  c o n t r o l  [9] through b e t t e r  ? a r t i c l e  

envelopment by a  s t a b i l i z a t i o n  p roduc t ,  and g r e a t e r  r e s i s t a n c e  t o  t r a f f i c  

ab ras ion .  

For ease  of a p p l i c a t i o n  by e i t h e r  s u r f i c i a l  o r  mixed-in-place t echn iques ,  

a n  economically u s e f u l  d u s t  c o n t r o l  product i s  p r e f e r a b l y  compatible w i t h  water .  

Other forms of product c a r r i e r s  o r  c u t t e r s  have g e n e r a l l y  been of a  hydrocarbon 

v a r i e t y ,  but  must be frowned on due t o  t h e i r  e v a p o r a b i l i t y ,  causing inc reased  

hydrocarbons i n  the atmosphere. For e f f e c t i v e n e s s ,  t h e  p r e f e r r e d  water-borne 

product must p rov ide  increased c a p i l l a r y  f o r c e s  i n  t h e  s o i l ,  cause e l e c t r o -  

s t a t i c  c o m p a t i b i l i t i e s  between p a r t i c l e s ,  o r  provide  m a t r i x  encapsu la t ion  of 

p a r t i c l e s  a s  t h e  water  c a r r i e r  evapora tes .  Product r e s i d u e  remaining a f t e r  

water  evapora t ion  must con t inue  t o  p rov ide  t h e  preceding requirements ,  as w e l l  



a s  resist ag ing ,  not  l each  ou t  o r  s o f t e n  dur ing r a i n f a l l ,  and no t  be 

evaporable  by i t s e l f .  

Dust c o n t r o l  a g e n t s  have been c l a s s i f i e d  i n t o  a  number of  varying 

c a t e g o r i e s .  For example, p e n e t r a n t s  ve r sus  mixed-in-place, o r  petroleum 

versus  non-petroleum products .  However, such c a t e g o r i z a t i o n  is  somewhat 

i r r e l e v a n t ,  s i n c e  some products  can be u t i l i z e d  as both p a l l i a t i v e l p e n e t r a n t s ,  

o r  mixed-in-place, and many chemical  agents  a r e  by-products of t h e  petroleum 

i n d u s t r y  y e t  may no t  c o n t a i n  hydrocarbons due t o  t h e i r  p r e s e n t  chemical 

format.  Such c l a s s i f i c a t i o n s  t h e r e f o r e ,  do not tend t o  r e l a t e  t o  the  manner 

i n  which a  product may o r  may n o t  provide d u s t  c o n t r o l  e f f e c t i v e n e s s .  

I n  t h i s  r e p o r t ,  i t  i s  suggested t h a t  nomenclature of  d u s t  c o n t r o l  

a g e n t s  be examined on t h e  b a s i s  of t h e i r  known, presumed, o r  hypothes ized 

mechanisms of s o i l  s t a b i l i z a t i o n  and w i l l  i n c l u d e  t h r e e  broad formats:  

F i r s t ,  t hose  products  which modify s u r f a c e  t e n s i o n  of t h e  c a p i l l a r y  
mois ture  regime i n  a  s o i l ,  h e r e a f t e r  r e f e r r e d  t o  a s  c a p i l l a r y  modi f i e r s .  

Second, those  products  which a c t  a s  b i n d e r s  of p a r t i c u l a t e s  due t o  
(1) adhesive  p r o p e r t i e s  a t t a i n e d  through g l u e - l i k e  c h a r a c t e r i s t i c s  
of t h e  base  product ,  o r  ( 2 )  which have been chemical ly  modified t o  
provide  e l e c t r o s t a t i c  o r  exchangeable i o n i c  p r o p e r t i e s  f o r  f loccu-  
l a t i v e  purposes.  

Third ,  t h o s e  products  which may p rov ide  macromolecules of  a  chain  o r  
r o o t l i k e  envelopment mat r ix  due t o  t h e i r  polymeric o r  e l a s tomer ic  
p r o p e r t i e s ,  h e r e a f t e r  r e f e r r e d  t o  a s  P / E  a d d i t i v e s .  

L i t e r a t u r e  reviews p resen ted  i n  Tables 2 and 3 ,  p l u s  supplementary 

product reviews conta ined i n  subsequent a r e a s  of t h e  t e x t  h e r e i n ,  have been 

s e l e c t e d  a s  a  broad r e p r e s e n t a t i o n  of p roduc t s ,  t h e i r  usage,  a p p l i c a t i o n  

r a t e s ,  c o s t s ,  and e f f e c t i v e n e s s ,  a s  might be  considered f o r  d u s t  c o n t r o l  on 
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c o n s t r u c t i o n  sites i n  t h e  Phoenix met ropo l i t an  a rea .  Some products  have 

purposely been l e f t  o u t  due t o  a  l a c k  of s a t i s f a c t o r y  l i t e r a t u r e  a v a i l a b l e .  

Some a u t h o r s  and l i t e r a t u r e  have a l s o  been excluded from t h i s  r e p o r t ,  not 

due t o  i n e p t n e s s  o r  l a c k  of knowledge w i t h  such l i t e r a t u r e ,  b u t  due only  t o  

t h e  d e s i r e  t o  r e f r a i n  from cons ide rab le  d u p l i c a t i o n  and r e p e t i t i o n .  

-.- 
Table 2 i s  a s e l e c t i v e  summation of both f i e l d  and l a b o r a t o r y  chemical 

s t a b i l i z e r s  r epor ted  t o  a  Transpor ta t ion  Research Board (TRB) q u e s t i o n n a i r e  

by v a r i o u s  t r a n s p o r t a t i o n  agenc ies  [ 1 4 ] .  This t a b l e  i s  o r i e n t e d  t o  those  

products  used p r imar i ly  f o r  d u s t  and e r o s i o n  c o n t r o l .  Products  r epor ted  i n  

Table  2 may be noted a s  ranging i n  e f f e c t i v e n e s s  from good t o  poor,  having 

g e n e r a l l y  been a p p l i e d  a s  both s p r a y  and mixed-in-place £ o m s  of a p p l i c a t i o n .  

Appl ica t ion r a t e s  were extremely v a r i a b l e ,  n o t  n e c e s s a r i l y  r epor ted  a s  a c t u a l  

r a t e s  p e r  a r e a ,  b u t  o c c a s i o n a l l y  a s  t h e  d i s p e r s i o n  r a t e  i n  wa te r .  Costs 

noted i n  Table 2 a r e  those  repor ted  i n  t h e  TRB p u b l i c a t i o n  and a r e  a s s o c i a t e d  

wi th  t h e  e a r l y  o r  mid-1970's. Assuming t h e  products s t i l l  t o  be a v a i l a b l e ,  

c o s t s  would more than l i k e l y  be  a t  l e a s t  doubled today. 

P roduc t s  of Table 2 g e n e r a l l y  can be placed i n  t h e  broad mechanis t ic  

nomenclature p rev ious ly  noted.  Ch lor ides ,  SA-1, Paczyme, Chempact (Chem-Pak), 

Aquata in ,  Llellpack, Reynolds Road Packer,  v a r i o u s  p r o t e i n  c o l l o i d s ,  corn  

e x t r a c t s ,  s t a r c h ,  and c e l l u l o s e ,  g e n e r a l l y  f i t  m e c h a n i s t i c a l l y  i n t o  c a p i l l a r y  

modi f i e r s .  Severa l  of t h e s e  products  tend t o  remove o rgan ic  m a t t e r ,  n e u t r a l i z e  

a l k a l i n e  s o i l  c o n d i t i o n s ,  o r  a t t a c k  carbonates ,  due t o  t h e i r  a c i d i c  n a t u r e .  

Most of t h e s e  products  w i l l  tend t o  reduce t h e  c a p i l l a r y  mois tu re  t e n s i o n  

regime i n  a  s o i l ,  o f t e n  i n c r e a s i n g  d e n s i t y ,  o r  providing a n  e a s e  of d e n s i f i c a -  

t i o n  of a  s o i l .  However, s e v e r a l  of t h e s e  products have o f t e n  been shown t o  
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rurpose of 
Trca lmcn t Cost 

App l i ca t ion  
Method Product 

L i g n i n  

S o i l  Type 

C r t l s l ~ r d  g rovc l  

Appl ; ca t ion  Rate 

1-5% 

4% by volume 

1 : 4  by volume i n  water 

Ef fect iveness 

Temporary Oust w n t r o l  $650/rni l e/ lane 

L l q n i n  S.ir~d/Sancly Ir~am 

S i l t y  Clay A-6 (111) 

St1,cngtr g e l i n  S0.37/5q. ~ d .  

1ncrea.e s t a b i l i t y  Not g i ven  

Mixed--4 in .  Strength ga in  

Hi  xed Pcor S o i l s  Organic Binder 
(L ign in )  

L i g n i n  Decrease f r o s t  S26,770.30/2.5 m i les  
act ion/dust  con t ro l  

1:1 by volune i n  water 

1-4% 

1 ga l /sq.yd. .  6 i n .  

10.000 q a l l m i  l e  

Not g i ven 

Not y i ven 

S6000/miIc 

Not g iven Oust contro l -good 
5 ~ a b i  I i ty-paor 

Good 

L i g n i n  

L i g n i n  A - 5  and uni form 
gravel  

n i xed  

S o i l s  Organic Rindcr 
(L ign in )  

Working p l a t f o r m  $35OO/mile 
f o r  RC treatment 

Not g iven F a i r  

S t a b i l i z a t i o n  Not g i vcn Not g iven Mixed Poor S u l f i t e  L iquor  
(L ign in )  

5% 

1.25 and 2 . 5 %  by wt. 

Not g iven 

n ixed 

P w r  L i g n i t e  ( L i g n i n )  

Sodium Ch lo r ide  

P i c r r c  Shalc Dccrcase swc l l i ng  Not g iven 

For same cos 1. 
l ime u a s  super ior  

S,ind/C l a y / G r ~ v c l  
mix 

S t a b i l i z a t i o n  Not g i ven  

Good-but d i d  no t  
con t ro l  dust i n  
dry  weather 

S t a b i l i z a t i o n  and Hot g iven 
dust con t ro l  

1.5 Ib /sq.  yd. G lac ia l  cl'ay 

Waterproofing s o i l  S 0 . 7 7 / ~ .  yd. O.!2% by wt. 

0.13-0.19% by u t .  

Mi xed E f f e c t i v e  Terbec C - 7  Clay It>.i~v,"i I t y  
c l a y  loam 

n ixed  Poor Arquad 2HT 
(quaternary 
amnon l urn 
c h l o r  idc)  

St rcngth and w.rLcr- Not g i ven  
proof ing 

Spray Poor SA-l (Ac id)  Wolking p l a t f o r m  $750/mite, i nc lud ing  
f o r  RC scal t r e a t -  watrt.. canpact ion. 
mcnt us ing t i n .  sand and shaping. 
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Product -- 

P u r ~ s c  o f  Appl i c a t i o n  
Soi I Type TrcJlmcnt Cost A p p l i c a t i o n  Rate Met hod E f fec t i veness  

SA- I (Acid)  Sand and Cl .~y Increase dens i t y ,  Not g iven 1 / I000 (water by volume) Blended , Poor 
s t a b i l i t y .  and b laded,  
improvc moisturc  compacted 
characteristics 

Paczymc (Enzynrc) S i l t y  arid Claycy s o i l  S t a b i l i z e  surface Not g i ven  5/100 (water by volume) Spray Poor 
and subgradc 

Resin i n  w a t r r  No1 g i v r n  
m u l s i o n  

Stabilize s o i l  5225 f o r  sandy loam 600 gal /acre,  sandy loam Not g iven E f f e c t i v e  on 
sur facc f o r  wind $415 f o r  s i l t y  c l a y  1200 ga l /ac re .  s i l t y  c l a y  sandy and 
ancl watcr crosir,tr loam loam medium tex tu red  

s o i l s ,  not  on 
c lays  and s i l t y  
c lays  

Amnonium 1 igno- 
su l fona tc ;  g c l a t i n -  
ized s ta rch  so lu t  ion: 
sodium s i l i c a t e  
s o l u t i m  

No1 g i v r n  Wind and watet 
eros ion 

Not g i ven  Hot g i ven  Not g iven Poor 

Dctcrminc su i  tah i  I i t y  $25/gal.  
as s o i l  s t a b i l i z i n g  
aqcn t  

1/1000 (water by volume) n i xed  Poor Chempact (Chem-Pak) t l oy  and sartd 

Aquatain, watcr -  
so lub le  chemicals, 
ond p e c t i n  

Erosion c o n t r o l  S3.2/gal. 3 gal .  o f  s t a b i l i z e r  t o  
16.5 ga l .  o f  water per 
1000 sq. f t .  

Spray Poor 

Aerospray 70 (pa ly -  
v l n y l  ace ta tc  r e s i n  
emulsion) 

Weotlicrcd rock Eros ion c o n t r o l  $0.404/sq. yd., 
d i l u t e d  l : l O  

2 ga l /sq.  yd. Spray Temporary c o n t r o l  

Peneprimc ( l i q u i d  
asphal t )  

A- 2- 14 

A-5(3) 

Nol g i v c n  

Working p l a t f o r m  S3300/milc Not g iven Temporary t o  poor 

Formaldehyde and 
po lyes te r  r c s i n  

ncvclop s lab  s t reng th  $ I . / I / f t .  20 t o  404 by wt. Mixed and Good 
cmpacted 

Wind and w.atcr e ros ion  SI .6 /gal .  Not g i ven  S a t i s f a c t o r y  Latex i n  water 
emu1 s ion 
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Purpose o f  
Product , S o i l  Typc , Treatment Cost Appl i c j t i o n  Rate 

Rpp l i ca t ion  
, Method Ff fect iveness 

We1 l pack (organic) S i l t y  gravcl  S t a b i l i z i n g  sub- Not g iven  
grade 

1 : 7 < ~  (water) Spray and Poor 
mixed 

Styrene-butadienc 89.62 sand, 5.9% Wind eros ion 
emulsion ( res in)  s i l t ,  4.5% c lay  

Not g iven  205 ga l  /acre Not g iven  Poor 

Styrene-butadienc Shal e 
emulsion ( res in)  

Prevent shale road Not g iven  
cu ts  f r a n  weathering 

Not g iven Not g iven Poor 

n ixed  Poor Reynolds Road Packer L L  - 5 6 ,  P I  = 411 Rcducc pl,lsl i c i  l y .  SO. 2 8 l s q .  yd. 1:1b.?'l by volume 
(Acid) increase s tab i  1 i t y ,  

rcduce dust ing 

SOR l a t e x  5-2105 67.U Sand, 5.92 Wind eros ion S27.40/acre 226 ga l /ac re  ( j i  l u ted  
(Styrene-butadicnc s i l t .  4.5% c lay  1:lZ.S w i t h  water) 
l a t e x  res in )  

Polyco 2460 (Latex Same as abovc Wind eros ion 
res ln )  

$26.90/acre 184 gal  /acre ( d i l u t e d  
1:10 w i t h  water) 

Petroset  $0 (Resin- Same as above Wind eros ion 
u a t e r  anuls lon)  

$49.50/acre 433 gal /acre ( d i l u t e d  
1 : l y  w i t h  water) 

Spray tood 

Polyco 2605 (Latex Same as above Wind eros ion 
res in )  

$40.80/acre 351 ga l /ac re  ( d i l u t e d  
I:20 w i t h  water) 

spray b o d  

Spray Good 

Spray Fa i r  t o  poor 

DCA-70 ( ~ o l y v l n y l  San~c as above Wind eros ion 
acets:e ua te r  emulsion) 

$36.50/acre 226 gal /acre ( d i l u t e d  
1:lZ.S w i t h  water) 

Technical P r o t e i n  Sam as above Wind eros ion 
t o 1  l o i d  2260 (L lqu id  
pvo te in  c o l l o i d  13-14%H) 

$46.00/acre 216 gal /acre ( d i l u t e d  
I: 10 w i  ~h water) 

Technical P ro te in  Samc as above Wind eros ion 
rnl l o i d  2236 ( L i q u i d  
pro:ein c o l l o i d  13-144N) 

S103.20/acre 466 gal /acre ( d i l u t e d  
1:10 wi th.water)  

Spray Fa i r  t o  p ~ a r  

Tcchnlcal P r o t e i n  S a m  as above Wind eros ion 
C o l l o i d  5 - V  (Granular 
p r o t e l n  c o l l o i d  15-164N) 

$34.60/acre 128 ga l /ac re  (d i  l u t e d  
1:10 w i t h  water) 

spray F a i r  t o  poor 
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-- 
Pt11-posc of  

Product So i l  Typc T  rca 1111cn t  

Technica l  P r o t c i n  89.62 sa~rd. 5.9% Wind e ros ion  
C o l l o i d  I - V  (Granular s i l t .  4.52, c lay  
p r o t e i n  c o l l o i d  I s - 1 6 % ~ )  

G o o d r i l e  2570 X I  S.~IIIC as abovc Wind cros lon 
(Styrene Buradiene 
La tex )  

Cant re2  An- 119 ( L i q u i d  S~IIIC <IS a l ~ i v c  Wind cros ion 
nonoester Resin) 

Geon 652 ( L i q t ~ i r l  S.lllrc a s  abovc Wind eros ion 
Vinyl-Chloride-Vinyl 
idenc c h l o r i d c  Larcx) 

E-802 Hazofcrn Brand San~c ns above Wind erosion 
Fermented Corn 
E x t r a c t i v e s  

Aerospray 52 Binder San~c as abovc Wind c ros ion  
(Syn the t i c  r e s i n  i n  
water emulsion) 

Styrenc-Butadicne S~IIIC as above Wind c ros ion  
Emulsion 

CMC-7-L, CMC-7-M. Sa~nr as abovc Wind c ~ , o s i o n  
(Sodium carboxy nlcthyl 
c e l l u l o s e ,  L = Lou 
v i s c o s i t y ,  M = Mcdium 
v i s c o s i t y )  

Curasol A €  ( P n l y v i l ~ y l  5 . ~ 1 c  as almve 
a c e t a t e  c ~ p o l y n r r -  
emuls ion)  

EIvanol  50-42 (Poly- Sanw as nbwe 
v i n y l  a l c o t ~ o l )  

E lvano l  71-30 (Poly- S~IIIC ,is .above 
v i n y l  a l coho l )  

Uinrl  cl-nsion 

Wind c ros ion  

Wind eros ion 

Cost 

531.30/acre 

Not g i vcn  

$28.40/acre 

Appl i c a t  ion Rate 

128 ga l /ac re  ( d i l u t e d  
1: 10 w i t h  water) 

184 ga l /ac re  ( d i l u t e d  
1: lO w i t h  water) 

260 ga l /ac re  ( d i l u t e d  
1:57 w i t h  watFr l  

351 ga l /ac re  ( d i l u t e d  
1:ZO w i t h  water) 

563 gal /acre ( d i l u t e d  
1:10 w i t h  water) 

661 ga l /ac re  ( d i l u t e d  
I : 1 5  w i t h  water) 

205 gal /acre ( d i l u t e d  
1:3 w i t h  water) 

431 gal /acre ( d i l u t e d  
1:84 w i t h  water) 

App l i ca t ion  
Method E f fec t i veness  

Spray F a i r  t o  poor 

Spray F a i r  t o  poor 

Spray Fa i r  t o  poor 

Spray F a i r  t o  poor 

Spray F a i r  t o  poor 

Spray F a i r  t o  poor 

Spray F a i r  t o  poor 

Spray F a i r  t o  poor 

571 gal;acre ( d i l u t e d  Sprav F a i r  t o  poor 
1:12.5 w i t h  water) 

123 ga l /ac re  ( d i l u t e d  Spray F a i r  to  p w r  
1:80 w i t h  water) 

42 ga l /ac re  ( d i l u t e d  Spray F a i r  t o  poor 
1:27 w i  r h  water) 
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S o i l  Typc 
Purpose o f  
Trca tmcnt 

-- - 

Pppl i c a t i o n  
ylethod , Cost 

SS03.10/acre 

App l i ca t ion  Rate f f f e c t i v e n e s l  

Fa i r t o  poor t a n t r e z  ES-3351 
( L i q u i d  Nonoester 
Resin) 

89.6% sand, 5-99 
s i l t .  4.52 c l a y  

Wind eros ion 351 gal /acre ( d i l u t e d  
I :20 w i t h  water) 

Gypsum Hemihydra tc 
( P 4 . r  g y p s 4  

Wind eros ion 

Wind eros ion 

Wind c ros ion  

3064 gal /acre ( d i l u t e d  
1 :20 w i t h  water) 

F a i r  t o  p m r  

NC 1SS6L (Modif ied 
polyacry lamidc)  

535 gal /acre ( d i l u t e d  
I t 3 1  w i t h  wafer) 

F a i r  t o  poor 

F a i r  t o  poor Separan Np-10 po ly -  
acrylemide. h igh  
molecular  weight 

Samc a s  abovr 6173 gal /acre ( d i l u t e d  
1:4375 w i t h  water) 

S o i l  Eros ion Control 
Resin Adherivc 2-3876 

Samc a5 abovr Wind cros ion 

Wind eros ion 

Wind eros ion 

Wind eros ion 

1 7 1 2  ga l /ac re  ( d i l u t e d  
1:2 w i t h  water) 

Fa i r  t o  poor 

So l lguard  ( ~ l a s t a n c r i c  
po lync r )  

Samc as above 455 gal /acre ( d i l u t e d  
\ : I 0  w i t h  water) 

Fa i r  t o  poor 

Fa i r  t o  good Sol1 Seal (Formulation 
of polymers and I ~ t e x )  

366 gal /acre ( d i l u t e d  
1:9 w i t h  water) 

Sam as abovc 

Wics lo ld  Latex ex 
7035 (AO) (Carboxy l atcd 
styrene-butadicne la tex )  

Smr as abovc 226 ga l  /acre (d l  l u t e d  
1:12.5 w i t h  water) 

F a i r  t o  poor 



reduce s t a b i l i t y  of a  s o i l ,  s i n c e  t h e i r  e f f e c t  on t h e  c a p i l l a r y  regime may 

a c t u a l l y  provide  d i s p e r s i o n  of n a t u r a l l y  aggregate2 p a r t i c u l a t e s  [15] .  A s  

noted i n  Table 2 ,  t h e  repor ted  e f f e c t i v e n e s s  of these  products  was g e n e r a l l y  

poor,  a  few r a t e d  f a i r  t o  poor. 

L ignosu l fona tes ,  Terbec C-7,  Arquad 2HT, sodium s i l i c a t e ,  and Peneprtme, 

Table 2 ,  a r e  g e n e r a l l y  b inder  m a t e r i a l s .  When s l i g h t l y  m o i s t ,  s o i l / c o l l o i d a l  

l i g n o s u l f o n a t e  composites a r e  very  s t i c k y ;  when d ry ,  they form s u r f i c i a l  

c r u s t y  p a t i n a s  of t h e  l i g n o s u l f o n a t e ,  which may become s l i c k  when rewet ted .  

Terbec C-7 and Arquad 2HT were s o i l  m o d i f i e r s ,  producing binding o r  f l o c c u l a t i v e  

c a p a b i l i t i e s  p r imar i ly  through exchange r e a c t i o n s  wi th  a  s o i l .  Sodium s i l i c a t e  

should produce a  g e l - l i k e  s t a b i l i z e r  i f  mixed w i t h  calcium c h l o r i d e  i n  c e r t a i n  

s o i l s .  However, both  t h e  l i g n i n  and s i l i c a t e  a r e  noted i n  Table 2  a s  having 

produced poor wind and wa te r  e r o s i o n  r e s u l t s .  Peneprime was a  commercial, 

s p e c i a l l y  processed,  cutback a s p h a l t  thought t o  a l s o  con ta in  a  r e s i n .  It 

was o r i g i n a l l y  formulatad a s  an  a s p h a l t  r e juvena to r .  A s  noted i n  Table 2 ,  i t  

provided only temporary t o  poor e f f e c t i v e n e s s  wi th  an A-2-4 s o i l ,  and a t  a  

h i g h  c o s t .  Recommendations by Hoover, e t  a l .  [ I63  f o r  use  of Peneprime a s  a 

dus t  p a l l i a t i v e / s u r f a c e  improvement product f o r  a n  A-1-b s o i l  a l s o  i n d i c a t e d  

only  l i m i t e d  p o t e n t i a l .  

The remainder of t h e  products  of Table 2 inc lude  v a r i o u s  r e s i n o u s  

emulsions,  l a t e x  p roduc t s ,  emuls i f i ed  p l a s t i c s ,  polymers, and combinations 

of s e v e r a l  of t h e  aforementioned.  O f  t h e s e  p roduc t s ,  s e v e r a l  a r e  noted as 

producing good e f f e c t i v e n e s s .  A combination of formaldehyde and p o l y e s t e r  

r e s i n  was used t o  develop s l a b  s t r e n g t h  i n  a n  unusual  A-5 s o i l ,  a t  a  v e r y  

high a p p l i c a t i o n  r a t e  and c o s t .  I n  a  sandy m a t e r i a l  of on ly  about  10% 

f i n e s  c o n t e n t ,  SBR Latex S-2105, Polyco 2460, P e t r o s e t  SB, Polyco 2605, 



DCA-70, and S o i l  S e a l ,  produced good e f f e c t i v e n e s s  f o r  wind e ros ion  c o n t r o l  

a t  very  low c o s t s .  Mechan i s t i ca l ly ,  each of t h e s e  s i x  products  would be 

r e f e r r e d  t o  a s  P/E a d d i t i v e s .  Four of t h e  products a r e  p r i m a r i l y  latex-based 

water  emuls ions ,  though S o i l  Sea l  may con ta in  a  polymer. The two remaining 

products  a r e  a  polyvinyl  a c e t a t e  water emulsion, and t h e  P e t r o s e t  SB, a  

c a t i o n i c  l a t e x  emulsion. P e t r o s e t  SB a l s o  was evaluated by Hoover, et  a l .  

[16] and recomended f o r  t r i a l  a s  a  d u s t  p a l l i a t i v e / s u r f a c e  improvement agen t .  

S o i l  Sea l ,  noted by t h e  producer a s  a  water  s o l u b l e  p l a s t i c  emulsion, 

i n d i c a t e d  p o t e n t i a l  v i a b i l i t y  when l a b o r a t o r y  evaluated a s  a  d u s t  p a l l i a t i v e  

wi th  a n  SM-SC s o i l  i n  1985 [ 2 5 ] .  

Of t h e  products  p resen ted  i n  t h e  TRB summary compi la t ion of Table 2 ,  

on ly  those  showing mechanis t ic  P /E  p r o p e r t i e s  appeared t o  produce adequate  

e f f e c t i v e n e s s  a t  a  r easonab le  c o s t ,  each being used f o r  wind e r o s i o n  c o n t r o l ,  

and each being sp ray  a p p l i e d  i n  a  water  d i l u t e d  form. None of t h e  Table 2 

products  were repor ted  i n  terms of a c t u a l  longev i ty ;  a  no t  uncommon process  

of follow-up ana lyses  by most agencies .  However, i t  must b e  assumed t h a t  

where a product e f f e c t i v e n e s s  was r a t e d  good, t h a t  longev i ty  was apparen t  

over  whatever pe r iod  of e f f e c t i v e n e s s  was sought .  

-.- 
Table 3 i s  a  s e l e c t e d  summary of f i e l d  s t a b i l i z a t i o n  by a  number of 

agenc ies  and i n v e s t i g a t o r s  us ing  v a r i o u s  chemical products .  Presented i s  

a n  extremely d i v e r s e  range of bo th  s o i l  types  and p roduc t s ,  inc lud ing  

somewhat more r e c e n t  developments i n  s t a b i l i z a t i o n ,  d u s t ,  and water  e r o s i o n  

c o n t r o l  products  than  reviewed i n  Table 2. P r o j e c t  l i t e r a t u r e  incorpora ted  

i n  Table 3 a l s o  inc ludes  somewhat more informat ion on r e l a t i v e  c o s t s  of 

products  a t  time of r e p o r t i n g ,  f r equ ience  of a p p l i c a t i o n ,  and t endenc ies  of 



Tablc  3. Sc lcctcd Sunrnary o f  F i e l d  S t a b i l i z a t i o n  by Various Inves t iga to rs .  

Purpose o f  bppl i c a t  i on  Application frequency o f  B i b l i o .  
Loca t ion  jProduc t 6 0 i I  rea tmcn t Rate Cost Method Pppl  i c a t  i o n  Ef fect iveness pef. NO. - -. 

L i n n  
County, 
l owa 

L ignosul fon-  
a t c  and L i g -  
nosul fonate 
+ e l m  

S t a b i l  i z a t i m ,  
dust  c o n t r o l  

1% by wt. L ign ln ,  $3350/ n ixed,  4 inches Once Good over 1 year 16 
l i g n i n ;  0.5% mi le :  a lun,  
by wt. alum $250/mile 

Not g i ven  Sulpl i i  t e  
I i q w r  ( I  i g -  
nosul lonate)  

Spray 1-2/year Good. s t ruyed though by r a i n  dss- 18 Dust c o n t r o l  

Tay lor  
County, 
1 w a  

B ind t  i t e  
( I i gnosu l -  
f m a t e )  

Not g i v c n  S t a b i l i z a t i o n ,  
dust c o n t r o l  

I Z b y u t .  S6600 /m i l c fo r  
6 inch depth 

n i xed  Not g i ven  Gdod 17 

Arizona Wind e ros ion ,  
dust  c o n t r o l  

Dunc sand Not g iven Not g iven Spray Not g i ven  Good 20 

n ixed- in-depth Not g i ven  Good 20 Arizona L i g ~ l o s u l  f on- 
a t c  

Gravel -sur iaccd 
g ~ a n i t i c  s t~b -  
g~ adc 

A- 2- 11 

Dust c o n t r o l  Not g i v c n  Not g iven 

Frankl  i n  
C w n t y ,  
lara 

Amnon i um 
I ignosul Tm- 
a t e  

Dust c o n t r o l  0.23 ga l / sq .  S2440/mi l e  
yd. a t  2.25:l 
d i l u t i o n  

Spray Once Good t o  f a i r  a f t e r  5 
3 months 

Frankl I n  
Ccunty. 
l owa 

Polyb ind 
A c r y l i c  
DLR 81-03 

Oust c o n t r o l  0.17 gal/sq. S1550/milc 
yd. ( twice)  
a t  40:l 
d i l u t i o n  

Spray Once F a i r  a f t e r  3 months 5 

Frankl I n  
C w n t y ,  
I- 

Amsco Res A-2-4 
AB 1881 over 
o l d  a-lum 
1 i gnosul Ton- 
a t e  

Dust c o n t r o l  

Dust c o n t r o l  

0.12 gal/sq. :$700/mi l e  
yd. a t  17:l 
d i l u t i o n  

Spray Once Good a f t e r  4 months 5 

Spray 

n i xed  

Mixed 

Once 

Once 

Once 

Poor a f t e r  2 e c k s  5 Frankl i n  
Coun t y . 
l w a  

Amsco Res A-2-11 
A0 1881 

0.12 gal  /sq.  =$700/mi 1 e 
yd. a t  17:l 
d i l u t i o n  

L inn  
County . 
1 owe 

L ignosul fon-  Vcry sandy s o i l  S t a b i l i z a t i o n .  
a tc dust  c o n t r o l  

Good; a f t e r  2 months 25 
received 4 in .  A.C. 
sur face 

L i n n  
County, 
I m a  

Liquidow, A-2-6 
35% c e l c i i m  
c h l o r i d e  
s o l u t l o n  

Stab11 i z a t i o n ,  
dust con t ro l  

1/3 gal /sq.  Not g i ven  
yd.. 6 in .  
deep 

Good. received seal 21 
coat sur face 



Tablc 3. Selected S-ry of F i c l d  S t a b i l i z a t i o n  by Various Invest igators.  (CONTINUED) 

Purpose o f  App l i ca t ion  Application Frequency o f  B i b l  lo .  
Locat ion P r d u c t  So i l  Typc f r e a t m n t  3ate Cost He t hod - Applicat ion Ef  fcct iveness Ref. NO. 

Ngt g i ven  Sodiun, S i l ~ / c l . i y  
ca lc i tm .  
rnagnes i lvn 

chlor ides 

Sod i unl A- 3 
c l ~ l < ) r  i Jc. 

Oust c o n t r o l  0.5 t o  2.5 Ibs /  SZS00/yr. Spray Twke annual ly  Good, though des- I 8  
sq.yd. over 10 yrs .  troyed by r a i n  

n i xed  

Spray 

Spray 

Once 

Once 

Once 

L i n n  
C w l l l y ,  
l owe 

S t a b i l i z a t i o n .  1 2  Ibs/sq.yd.. Not g iven 
dust c o l ~ ~ r o l  6 i n .  Jccp 

Good. received seal 21 
coal  surface 

Frankl i n  
County. 
l owa 

C. i lc i~m~ A-2-4 
c h l o r i d c ,  
38% so lu t ion  

011sl con t ro l  0.18 gal/sq.yd. S1120/milc Good a f t e r  4 months 5 

Frankl i n  
County. 
l w a  

Calcimt A-2-11 
ch lo r idc  
ovcr o l d  
amnon i um 
l ignosul- 
fonate 

O u s ~  con t ro l  0.18 gal/sq.yd. 51120/mile Good a f t e r  4 m n t h s  5 

F r a n k l i n  
County. 
1 owa 

CSS- I A - 2 - 4  
asplial I 
emulsion 

Dust con t ro l  9:1 e 0.2 g a l /  $850/mile Spray 'Once 
sq.yd., then 
5 : i  e 0.2 g a l /  
sq.yd. 

Dust < 60 days, 5 
Poor p 4 months 

Frankl  I n  
County. 
l w a  

Coherex A-2-4 Dust con t ro l  6 : l  e 0.37 g a l /  $5230/miic Spray Once 
sq.yd.. then 
4: I e 0.29 ga l /  
sq. yd. 

oust f r e e  e 4 months; 5 
Spa l l i ng  < 60 days 

Frankl  i n  
County. 
1 a*d 

Dust f r e e  Q 4 months, 5 
no s p a l l i n g  

Col~ercx A-2-11 
over o l d  
m n i m  
1 i gllosu I - 
fonatc 

Oust con t ro l  Same Same Spray Once 

Good a f t e r  8 months 5 Story 
County . 
I tmd 

Dust con t ro l  0.5% by wt. Product: Mixed, 2 inch Once 
53775/m1 Ie; 
Manipulat lon: 
$4240/mi 1e 

Poor < I m t h  5 Mar i o n  
County. 
loua 

Coherer A-2-4 w/ 
ebsorpl i ve  
stone 

Dust con t ro l  0.28 hy wt. C $1100/mlle; Spray-equal p a r t s  Once 
0.7% by wt., $49hO/mile a t  I week 
assmed 1 in. 
pene t ra t ion  

L I qno- A-  2- 4 
su l  f cma~c  

S t a b i l i z a t i o n .  1.5 gal/sq.yd. Hot g i ven  nixed. 6 inch Once 
dust con t ro l  

Good,eventual ly  21 
g iven seal coat 
surface 

L lnn  
County, 
l tma 



t a b l e  3. Sc lccted Sumwry o f  F l e l d  S t a b i l i z a t i o n  by Various Invest igators.  (CONTINUED) 

App l i ca i i on  requency o f  R l b l  l o .  
Pet hod -- F.ffectiveness be f .  No. 

Purpose o f  Appl i c a t l o n  
Loi  l Typo *- Treatment Ratc Product 

L i n n  
County. 
Iowa 

I ignos111- 
f a r a t e  + 
1 ime 

/1-7-6(12) Stabi l i z a t l o n .  t gal/.sq.yd. 
dust c o n i r o l  and 2% by 

wt. I ime 

Not g iven Mlxrd, 6 inch Once Good.  eventual ly  2 1 
g iven seal coat 
surface 

L inn  
County. 
l rma 

1 iqnosul- 
fondle + 
Prami to1 
L 75  

A- 2- 1, Stabilization. 1.5 gal /sq.  
dust ccmtrol yd. and 20 

qal  /acre 

Not g iven Mixed. 6 inch Once Good. eventual ly  21 
used as A.C. 
subbasc 

L i nn  
coul l ty, 
l m a  

A- 2-lc S t a b i l  i z a t i ~ m .  10 g.>1/1000 Not g iven Mixed. 6 inch Once Poor 
dust con t ro l  qal o f  ua lcr  

L inn  
Cwnty .  
I m a  

Stah i l i za t i cm,  I 5  ga l ,  Clapak. Not g i ven  Mixed, 6 inch Once Fa i r 
dust con t ro l  I 0  gal .  C lasc l  

i n  3000 gal .  
water 

L lnn  
C w n i y .  
l m a  

S t a b i l i z a t i o n ,  1 ga1/1000 gal  Not g i ven  Mixed, 6 inch Once Fa1 r 
dust con t ro l  o f  water 

L l n n  
County. 
IWJ 

CSS- 1 
aspl~a I t 
emulsion 

A-2-6 S t a b l l  i za t lon .  112 res ldual  Hot g i ven  Hlxed. 6 Inch Once Good, seal c o l t  2 1 
dust con t ro l  by welght surfaced a f t e r  

3 months 

1 i nn  
County. 
I w a  

CSS- l 
asphalt 
cmulslon 

A - 6 ( 2 )  S t a b l l l t a t i o n .  42 res idual  Mot g i ven  Mlxed, 6 Inch Once Good. seal c m t  2 1 
dust con t ro l  by w i g h t  surfaced a f t e r  

3 nonths 

L l n n  
County . 
lava 

A-b ( l )  S t a b i I I z a t i o n ,  1 qa1/1000gaI H o t g l v e n  Mixed, 6 inch Once P w r  
dust con t ro l  o f  water 

'fr.rr.3- 
Seal 
(enzyme) 

Not g iven Oust c a ~ t r o l  0.25 gal/sq.yd. sS0.03/sq.yd. Spray Not g i ven  F a i r  25 

D o  Molncs. CSS-l 
lows c n ~ r l s i f  i ed  

aspha1 t 

Sandy c l a y  Oust con t ro l  0.1-0.25 g a l /  Hot g iven Spray Not g i ven  ~ o o d  
sq. yd. 

S l l t / c l a y  Oust con t ro l  Not g i ven  High Spray Not g iven Shor t - l  ived 18 Mot g i ven  l a r s  ~ n d  
b l  t m n s  

New Hcxlco Pclro-S 
(sodium 
a l k y l  
c thy l cnc  
su l  ful lale) 

I l l q l l l y  Stabilization, 0.18 hy w l . .  Not g i ven  Wired Once G d ,  a f t e r  2.5 15 
c . ~ l c l t i c  dust contr-ol 6 inches deep months 
SC s o i l  
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I .UI ) I .  ;. : . . I r r  l , . r l  :~wm~~.>ry of f i t . l , l  \ ~ . I I I I  I I L J L  iota by Various Invc,l i y ~ l u r b  (CON1 INULD) 

Purpose o f  Appl I c a t  ion 
L o c a t l ~  j' roduc t Coi l  Type Treatment pgce Cost - 

Pppl i c a t  ion requency o f  B i b l i o .  
We thod Ef fect iveness Ref. No. 

C a l i f o r n i a  Po lyv iny l  
acetatc  
emulsion 

N o t g i v e n  S lopeeros ion .  
dust con t ro l  

1 gal/sq.yd. 50.4l/sq.yd. Spray 
a t  1:y d i l u -  
t ion 

Once Good , 2 years 23 

Cal i f o r n i a  L i q u i d  
cutback 
asphal t 

Not glven llaul road 
dust con t ro l  

Not g i vcn  $0.56/sq.yd. Not g iven Not g iven Not g iven 2 3 

Nor th  
Dakota 

Urethane 
I i q u i d  

Gravel Water eros ion Not g iven not  g'iven Spray Once Good > 4 m r h s  23 

Tehsna- 
Colusa 
Canal 

Copolymer 
nf mrl l t-  
a c r y l ~ l c s  
and a c r y l -  
J l C S  

Not g iven Spoil  bank 
u ~ o s i o n  ctmt r o l  

0.64 gal /sq.  Not g iven spray 
yd .  21 1 : )7  
d i  l u l  ion 

Oncc Good > 3 years 2 3 

Putah 
South 
Canal 

~ o o d  < 1 y u r  2 3 

Cood , 6 months 23 

Good a f t e r  2 nonths 23 

Po lyv iny l  
acetatc  
enwlsion 

Eros ion con t ro l  
p r i o r  t o  vege- 
t a t i v e  cover 

1.3 gal/sq. S0.l l lsq.yd. Spray 
yd. a t  1 : I 9  
d i l u t i o n  

Once 

Teham- 
Colusa 
Canal 

l a t e x  
m u 1 s l a 1  

Not g lven Erosion c o n t r o l  
p r i o r  t o  vege- 
t a t i v e  cover 

1.6 gsl/sq. Not g iven Spray 
yd. a t  1:7 
d i l u t i o n  

Once 

tehana- 
Colura 
Canal 

Caw01 ymer 
o f  mct hac- 
r y l a t e r  
and 
ac ry la tes  

CL-YI Road dust 
con t ro l ,  
s t a b l l  i z a t i o n  

1:30 d i l u t i o n  $2357. inc lud-  Mired. 4-6 inches Once 
o f  660 g a l /  Ing equip. and 
526 cu.yds. labor 

Good a f t e r  6 oonthr  23 

Good 23 

Nevada- 
C a l i f o r n i a  

0.3 l o  0.45 Not g iven Mixed < 0.5 inch Once 
gal/sq.yd. 

Ure thane 
I i q t ~ i d  

Cl-CH Erosion con t ro l  

Colorado Pe t ro l  cum 
r e s i n  
cmulsion 

Mine t a i l i n g s  Oust c o n t r o l  
from t a i l i n g s  

pond 

0.5 t o  1.0 S0.42/gal Spray As needed 
gal/sq.yd. a t  and $100/ 
i : 9  d i l u t i o n  ac re  

Good a f t e r  5 months 24 Sand Road and qules- 
cent dust 
con t ro l  

< 0.15 gal/sq. Not g i ven  Mixed and spray Once 
yd. a t  l : g  
d l l u t i o n  

Good a f t e r  4 months 8 

Good a f t e r  7 months 25 

Corex l t 178 A- 3 Road dust 
con t ro l  

0 . l t b y u t .  N o t g i v e n  M!xed, 3 inches Once 

Story 
County, 
l a.Ja 

Cinders. Dust c o n t r o l  
b o t t m  ash 

a0.2 gal / rq .  Not g iven Mixed. 2 Inches Once 

yd. 



longevi ty  of product performance. 

Cap i l l a ry  Modifiers 

S t a b i l i z a t i o n  mechanisms of products  presented in Table 3 may a g a i n  be 

viewed a s  previously  noted.  Cap i l l a ry  modi f i e r s  Liquidow, va r ious  o t h e r  

sodium, calcium and magnesium c h l o r i d e s ,  SA-1, Kelpak, Clapak/Claset ,  and 

Terra-Seal,  may be noted throughout Table 3 a s  having produced good t o  

poor r e s u l t s .  Of these  products ,  on ly  t h e  c h l o r i d e s  appeared t o  p rov ide  

good e f f e c t i v e n e s s ,  t h e  calcium c h l o r i d e  appear ing somewhat b e t t e r  than  

e i t h e r  sodium o r  magnesium. 

Two items of importance should be observed w i t h  c h l o r i d e  e f f e c t i v e n e s s .  

F i r s t ,  t h e  product should be mixed w i t h  t h e  s o i l ,  i n  o rder  t o  provide 

longevi ty  a g a i n s t  r a i n .  Second, where sp ray  a p p l i e d ,  c l i m a t i c  c o n d i t i o n s  

must u s u a l l y  lend themselves t o  a  reasonable  q u a n t i t y  of humidity.  Humidity 

i s  p a r t i c u l a r l y  important i n  t h e  use  of sodium c h l o r i d e ,  f o r  example, s i n c e  

i t  may r e q u i r e  70% o r  g r e a t e r  r e l a t i v e  humidity i n  o r d e r  t o  mainta in  i t s  

hygroscopic p r o p e r t i e s ;  o therwise ,  i t  t ends  t o  p r e c i p i t a t e  and i s  n o t  e f f e c t i v e  

i n  t h a t  mode. 

I n  a  r e c e n t  s tudy f o r  t h e  Roads and Transpor ta t ion  Assoc ia t ion  of Canada 

[27] ,  ch lo r ides  were assessed  f o r  t h e i r  e f f e c t i v e n e s s  a s  d u s t  p a l l i a t i v e s .  

In genera l ,  ch lo r ides  were r a t e d  2s f a i r ,  b u t  e f f e c t i v e n e s s  r a t i n g s  were 

somewhat dependent on s o i l  types ,  o r  t h e  Province i n  which such p roduc t s  

were used. 

I n  response t o  a  1985 q u e s t i o n n a i r e  from t h e  Transpor ta t ion  Research 

Board, t h e  Alaska Department of Transpor ta t ion  and Publ ic  F a c i l i t i e s  repor ted  

t h e  use  of calcium c h l o r i d e  a s  an adequate  d u s t  p a l l i a t i v e  over t h e  previous  



ten  y e a r s  [28] .  

A l a b o r a t o r y  eva lua t ion  of sodium c h l o r i d e  mixed w i t h  a  r e l a t i v e l y  

w e l l  graded s o i l  i n d i c a t e d  a p o t e n t i a l  f o r  increased d e n s i t y ,  inc reased  

mois ture  r e t e n t i o n ,  and improved t r a f f i c a b i l i t y  test performance, bu t  

decreased cohesion and inc reased  t h e  s o i l ' s  angle  of i n t e r n a l  f r i c t i o n  aud 

pore p r e s s u r e  1331 .  F i e l d  e v a l u a t i o n  of a 6 inch mixed-in-place NaCl 

s t a b i l i z e d  A-3 sand wi th  a  double chip  s e a l  s u r f a c e  has produced a  durab le  

low-volume road in use  i n  excess  of 10 y e a r s  (211. Appl icat ion of t h e  

c h l o r i d e  was a t  a r a t e  of 2  lbs / sq .yd . / inch  of depth.  

Comparative f i e l d  s t u d i e s  of sodium and calcium c h l o r i d e  were conducted 

i n  1978 by Cornel l  Univers i ty  [28 ]  on a  dense graded low p l a s t i c i t y  aggregate  

su r faced  road. Four lbs /sq .yd.  of g ranu la ted  sodium and 1.5 lbs /sq .yd.  of 

a  calcium b r i n e  were mixed by b lade  g rader ,  and compacted. C a p i l l a r y  migrat ion 

of both  c h l o r i d e s  t o  t h e  s u r f a c e  was found ex tens ive ,  and equal  e f f e c t i v e n e s s  

of t h e  two products was noted f o r  about 12 weeks. 

Magnesium c h l o r i d e  has seen somewhat of an  i n c r e a s e  i n  usage over t h e  

pas t  few y e a r s ,  but  has n o t  r ece ived  much a t t e n t i o n  i n  t h e  l i t e r a t u r e ,  o t h e r  

than t h a t  provided by producers.  A s  with calcium c h l o r i d e ,  magnesium c h l o r i d e  

appears  v i a b l e  f o r  d u s t  p a l l i a t i o n  and s t a b i l i z a t i o n  purposes,  but  l a b o r a t o r y  

s t u d i e s  on f i v e  d i f f e r e n t  s o i l s  i n d i c a t e  i t s  e f f e c t i v e n e s s  may a l s o  b e  

dependent on humidity and s o i l  type,  2s w e l l  a s  whether o r  no t  i t  is app l ied  

a s  a  sp ray  o r  used a s  a  mixed-in-place m a t e r i a l  [26] .  S t u d i e s  by t h e  Swedish 

Royel I n s t i t u t e  of Technology [ 3 7 ] ,  showed t h a t  magnesium c h l o r i d e  formed 

s o l u t i o n s  w i t h  l e s s  mois ture  than calcium c h l o r i d e ,  but  r e q u i r e 6  18Z more 

llgCl2 i n  o rder  t o  s c h i e v e  s o l u t i o n s  equ iva len t  t o  CaC12 f o r  equa l  t ime 

e f f e c t i v e n e s s .  



Recommended usage of chloride salts for the Pacific Northwest Region, 

Forest Service, are with dense s i d e d  rock having > 6% fines, wjrk or without 

scariffc~iion of the road surface and applied at 0.5-2.5 lb/sq.yd. dry [ 2 9 ] .  

Preferred application was noted as mixed-in-place. 

Kelpak (a two-component y~oduct), ClapakIClaset, and S A - i  were highly 

touted in the early and mid-70's as dust palliative and stabilization agents. 

In general, they were poorly received for such purposes, and are noted in 

Table 3 as rating only fair to poor. Laboratory studies of these products 

with a sandy loam A-2-4(0)  soil suggested doubtful effectiveness as dust 

control/stabilization agents [ 1 6 ] .  

Over the past 3-4 years an enzymatic product, called Bio-Cat 300, has 

been promoted in various west and northwest regions of the country for a 

variety of soils as a compaction, stabilization, and dust control agent. 

It has been noted by the supplier as increasing cohesive, moisture retention, 

and denslty properties [30]. Laboratory tests with an A - 6 ( 7 ) ,  CL soil at 

3, 6, and 9 parts per 1000  parts of water by volume, suggested little 

improvement in potential dust control/stabilization properties 1251.  

Assessment of the capillary modifiers of Table 3 for use with soils 

of the Phoenix region and climate, thus suggests a usage potential of only 

the calcium and magnesium chlorides. Either of these products should 

probably be looked upon, however, as temporary dust control measures, 

preferably usable during the winter season, when humidity may be encountered. 

Binders 

Binding agents of Table 3 include several forms of lignosulfonates, 

emulsified and cutback asphalts, Coherex, Petro-S, oils, and petroleum resins. 



Lignosulfonates  a r e  a by-product of ~ i r t :  paper pulp i n d u s t r y  and a r e  

a v a i l a b l e  i n  s e v e r a l  forms depending on t h e  process ing used f o r  t h e i r  

e x t r a c t i o n .  The more common v a r i e t i e s  today a r e  calcium and ammonium 

l i g n o s u l f o n a t e s ,  sodium l i g n o s u l f o n a t e s ,  and s u l f i t e  l i q u o r s  being sca rce .  

Lignins  have been provided wi th  t r a d e  names such a s  B i n d t i t e ,  S o i l s  Organic 

Binder,  and Norl ig ,  f o r  example. Of importance, however, is t h e  des igna t ion  

modi f i e r s ,  i. e., calcium and annnonium, s i n c e  t h e s e  ions  may tend t o  a £  f e c t  

p o s s i b l e  exchange r e a c t i o n s  w i t h  a  s o i l ,  thus  providing v a r i a t i o n s  i n  

product e f f e c t i v e n e s s  wi th  s o i l  type.  Lignins have been combined wi th  o ther  

chemicals in order  t o  decrease  t h e i r  s u s c e p t i b i l i t y  t o  leaching,  i n c r e a s e  

t h e i r  b inding e f f e c t i v e n e s s ,  o r  p o t e n t i a l l y  i n c r e a s e  c h e i r  l o a d - s t a b i l i t y  

p r o p e r t i e s ;  t h e  l a t t e r ,  f o r  example, involved what w a s  termed t h e  chrome- 

l i g n i n  process  us ing  a  chronrate sal t ,  and produced a n  extremely durable  

bu t  expensive s t a b i l i z a t i o n  product .  Other m e t a l l i c  s a l t s  and c a t i o n i c  

chemicals appeared e f f e c t i v e  a s  s t a b i l i z a t i o n  agen t s  when combined wi th  

l i g n o s u l f o n a t e s  i n  l a b o r a t o r y  t e s t i n g  [ 3 4 , 3 6 ) .  However, when added wi th  

l i q u i d  a s p h a l t s ,  a s p h a l t  cements o r  emuls i f ied  a s p h a l t s ,  l i g n i n s  have n o t  

appeared as s a t i s f a c t o r y  s t a b i l i z a t i o n  agen t s  according t o  one i n v e s t i g a t i o n  

[351 

The l i g n i n s  presented i n  Table 3 are both  of known and unknown v a r i e t i e s  

as repor ted  i n  t h e  l i t e r a t u r e  noted,  I n  g e n e r a l  however, where app l ied  a s  

a  sp ray  t o  un t ra f f i cked  or quiescenr  a r e a s ,  t h e  l i g n i n s  apparen t ly  provided 

a  reasonable  degree  of e f f e c t i v e n e s s .  hxere spray appl ied t o  a  roadway i n  

conjunct ion wi th  an  a d d i t i o n a l  chemical, g e n e r a l l y  p o s i t i v e  d u s t  c o n t r o l  

r e s u l t s  were a t t a i n e d .  Wnere used a s  a road spray  a p p l i c a t i o n  without 

added chemical ,  dus t  c o n t r o l  was g e n e r a l l y  only f a i r .  With o r  without 



added chemicals,  when l i g n i n s  were incorporated i n t o  s o i l s ,  longev i ty  of d u s t  

c o n t r o l  was g e n e r a l l y  enhanced f o r  a t  l e a s t  a  pe r iod  of t ime, but  as a spray  

may s t i l l  be s u s c e p t i b l e  t o  r a i n f a l l  leaching.  

A l i g n o s u l f o n a t e  of t h e  Tradename "Dustaside" was app l ied  t o  a  const ruc-  

t i o n  hau l  road i n  New J e r s e y  i n  1984 a s  a  5 : l  d i l u t i o n  and a t  a  rate of 0.2 

gal /sq .yd.  u n t i l  0.17% of r e s i d u a l  concen t ra te  was a t t a i n e d  i n  t h e  s o i l  [28] .  

R e s u l t s  ind ica ted  t h a t  "in one month over 23,000 Eucl ids  passed over t h e  

t e s t  s e c t i o n  wi th  no complaints of d u s t  from r e s i d e n t s . "  It was a l s o  observed 

t h a t  t h i s  usage of t h e  l i g n i n  "supplanted both  water ing by d i s t r i b u t o r  t r u c k  

t7 
and l a t e r  use  of calcium c h l o r i d e .  " 

Roadway spray  a p p l i c a t i o n s  of l i g n o s u l f o n a t e s  were noted a s  good t o  f a i r  

e f f e c t i v e n e s s  f o r  use  i n  Canada bu t  appeared r e l a t e d  t o  t h e  Province a s s e s s e d ,  

and q u a n t i t y  of f i n e s  on t h e  s u r f a c e  1271. The type of l i g n i n  suggested f o r  

usage a l s o  va r ied .  For example, calcium l i g n o s u l f o n a t e  appeared more v i a b l e  

f o r  a  wider range of f i n e s  con ten t  than e i t h e r  t h e  sodium o r  ammonium v a r i e t y  

i n  B r i t i s h  Columbia, but  a l l  t h r e e  v a r i e t i e s  were g e n e r a l l y  of good t o  f a i r  

e f f e c t i v e n e s s  in  Manitoba. I n  Alber ta  and Saskatchewan, calcium l i g n o s u l f o n a t e  

was genera l ly  noted a s  producing b e t t e r  d u s t  c o n t r o l  than calcium c h l o r i d e .  

Lignosulfonates  have been recommended f o r  use  i n  t h e  Fores t  Serv ice ,  

P a c i f i c  Northwest Region, a t  an a p p l i c a t i o n  r s t e  of 0.2-0.5 ga l / sq .yd . ,  wi th  

o r  x i t h o u t  s c a r i f i c a t i o n ,  on road s u r f a c e s  of dense-graded rock,  v o l c a n i c  

c i n d e r s  o r  pumice, and M t .  St. Helens vo lcan ic  ash  [29] .  Appl ica t ion  was 

noted  as be ing  of 50% s o l i d s  concen t ra t ion .  

Emulsified a s p h a l t s  p resen ted  i n  Table 3  show a good e f f e c t i v e n e s s  f o r  

d u s t  c o n t r o l  where incorpora ted  i n t o  t h e  s o i l  m a t e r i a l ;  s e v e r a l  'being noted 

a s  u l t i m a t e l y  r e c e i v i n g  s e a l  coa t  su r faces .  Where u t i l i z e d  as a  sp ray  or 



t o p i c a l  a p p l i c a t i o n  t o  road s u r f a c e s ,  t h e  emulsion genera l ly  r a t e d  f a i r  t o  

poor. Asphalt  emulsions may be  formulated a s  c a t i o n i c ,  non-ionic, and 

a n i ~ r i i c .  Usage of emulsions is  the re f  o r e  dependent on t h e  s u r f a c e  energy,  

o r  e l e c t r o s t a t i c  p r o p e r t i e s  of t h e  po la r  organic  emulsifying molecule used 

i n  emulsion product ion,  and the  r e s u l t i n g  absorp t ion  a t  t h e i r  i n t e r f a c e  

wi th  p a r t i c u l a t e  su r faces .  I f  both  t h e  emulsion and s o i l  p a r t i c l e s  a r e  of 

s i m i l a r  charges ,  r epu l s ion  occurs  and coa t ing  and binding a c t i o n  may be 

severe ly  reduced. So i l / aggrega te  m a t e r i a l s  a r e  predominately nega t ive ly  

charged,  thereby u s u a l l y  r e q u i r i n g  p o s i t i v e l y  charged,  o r  c a t i o n i c ,  types  

of emulsions. Comparative f i e l d  and l a b o r a t o r y  s t u d i e s  of a c a t i o n i c  

emulsion, an ion ic  emulsion, and cutback a s p h a l t  concluded t h a t  t h e  c a t i o n i c  

emulsion was s u p e r i o r  i n  coa t ing  and adherence a b i l i t i e s  wi th  a v a r i e t y  

of aggrega tes ,  and increased r e s i s t a n c e  t o  mechanical s t r i p p i n g  and e f f e c t s  

of i n t e n s i v e  mois ture  1381. 

S o i l s  must be moist  p r i o r  t o  a p p l i c a t i o n  of a s p h a l t  emulsions. I f  

d r y ,  most emulsions w i l l  break immediately upon con tac t  wi th  t h e  s o i l  

p a r t i c u l a t e s ,  the r e s i d u a l  a s p h a l t  tending t o  b a l l ,  and e f f e c t i v e n e s s  a s  

e i t h e r  a dus t  c o n t r o l  o r  s t a b i l i z a t i o n  agent  being s i g n i f i c a n t l y  reduced. 

When u t i l i z e d  a s  a spray a p p l i e d  s u r f a c e  p a l l i a t i v e  t o  a dry  s o i l ,  p r e t r e a t -  

ment wi th  wa te r ,  o r  water and a s u r f a c t a n t  ( i . e . ,  t h e  emuls i fying agen t )  may 

be requ i red  f o r  v i a b l e  r e s u l t s .  When app l ied  i n  t h e  recommended mois t  s t a t e ,  

emuls i f i ed  a s p h a l t s  r e q u i r e  a i r  cur ing ,  i n  o rder  t o  permit  t h e  water  phase 

t o  "break," i. e . ,  evaporate.  

Asphalt emulsions are g e n e r a l l y  recommended a s  mixed-in-place 

m a t e r i a l s .  For exemple, t h e  P a c i f i c  Northwest Region, Fores t  Serv ice ,  

sugges t s  t h e  use  of a CSS-I emulsion f o r  mixed-in-place a p p l i c a t i o n  w i t h  



a  v a r i e t y  of aggrega te  road s u r f a c e  m a t e r i a l s  [29] .  Spray a p p l i c a t i m s  of  

CSS-I a r e  suggested only  f o r  open-graded rock of 2% minus No. 200 m a t e r i a l  

[29].  However, t h e  Fores t  Se rv ice  h a s  u t i l i z e d  emuls i f ied  a s p h a l t s  f o r  d u s t  

c o n t r o l  on g r a v e l  roads  through e i t h e r  s u r f a c e  a p p l i c a t i o n  o r  modified b l a d e  

mixing, f i n d i n g  t h a t  such usage was advantageous i n  terms of l a c k  of hydro- 

carbon v o l a t i l i t y  and energy conservat ion [39 ] .  

a 
I n  1983, a  s p e c i a l l y  formulated CSS emulsion was used a s  a  t o p i c a l l y  

app l i ed  product t o  a  non- t ra f f i cked  c o n s t r u c t i o n  zone a rea  c o n s i s t i n g  

predominantly of a n  open-graded f i n e  t o  coarse  sand i n  Colombia, South 

America [25].  Af te r  7  months, t h e  c r u s t  was s t i l l  providing e s s e n t i a l  

wind e r o s i o n  d u s t  c o n t r o l .  However, usage of emuls i f i ed  a s p h a l t s  a s  a  

sprayed-on d u s t  p a l l i a t i v e  f o r  roadways of < 100 ADT i n  Saskatchewan a r e  

recommended as producing only f a i r  t o  poor r e s u l t s  1271. 

Usage of a s p h a l t  emulsions map t h u s  inc lude  t o p i c a l  spray a p p l i c a t i o n s ,  

b u t  such a p p l i c a t i o n s  may be  h i g h l y  dependent on a  low q u a n t i t y  of f i n e s ,  

and t h e  open t e x t u r e  of t h e  s u r f a c e  t o  which app l i ed .  

Cutback a s p h a l t s  and v a r i o u s  o i l s  presented i n  Table 3  show good t o  

f a i r  e f f e c t i v e n e s s  f o r  s e v e r a l  usages w i t h  a  v a r i e t y  of m a t e r i a l s .  In 

most i n s t a n c e s ,  longev i ty  was noted f o r  reasonable  pe r iods  of time. Host 

cutback a s p h a l t s  however, a r e  see ing  decreased usage due t o  inc reased  

awareness of v o l a t i l e  hydrocarbons c o n t r i b u t i n g  t o  atmospheric p o l l u t i o n .  

Most so -ca l l ed  "road-oi ls"  f i t  such c r i t e r i a .  A number of s t a t e s  i n  t h e  

U.S.  have e l imina ted  a l l  usage of cutbacks o r  road o i l s  f o r  roadway work. 

Severa l  "dust  o i l s , "  denoted by t h e  P a c i f i c  Korthwest Region, Fores t  

a  
Formulated f o r  d i l u t i o n  w i t h  seawater.  



Serv ice ,  a s  DO-1 t o  D O - 6 U ,  have been recommended f o r  p e n e t r a t i o n  t r e a t m e n t  

of aggrega te  su r faced  roads  ranging from open-graded rock  of c 22 p a s s i n g  

t h e  No. 200 s i e v e ,  t o  M t .  S t .  Helen 's  v o l c a n i c  a s h  [29]. 

I n  e f f o r t s  t o  i n c r e a s e  t h e  cohesive  and waterproof ing p r o p e r t i e s  of 

cohes ion less  and c layey sands ,  t h e  Texas DOT h a s  r e p o r t e d  mixed-in-place 

usage of 4-82 by weight of a medium cutback a s p h a l t  [28] .  However, they  

repor ted  t h a t  t h e  in-place m a t e r i a l  must b e  dry  p r i o r  t o  a p p l i c a t i o n ,  and 

though e f f e c t i v e n e s s  of usage was good f o r  low-volume roads ,  t h e  a d d i t i v e  

w a s  n a t  c o s t - e f f e c t i v e .  

Due p r imar i ly  t o  t h e  environmental  e f f e c t s  p rev ious ly  no ted ,  d u s t  o i l s /  

cutback a s p h a l t s  a r e  no t  suggested f o r  usage i n  t h e  Phoenix m e t r o p o l i t a n  a r e a .  

The sunflower o i l  noted i n  Table  3 was purely  an  educated guess  

a p p l i c a t i o n ,  wi th  no t e s t i n g  o r  eva lua t ion .  Eighteen drums of o l d  o i l  

needed d i s p o s a l  and a n  a d j a c e n t  c inders /bot tom a s h  su r faced  roadway needed 

d u s t  c o n t r o l  under primary usage of  t r u c k s  and farm equipment. Const ructed 

i n  May 1986, t h e  roadway i s  performing superbly .  The usage of such v e g e t a t i v e  

o i l s  does no t  appear economically v i a b l e  [25]. 

In  1973, a commercial product c a l l e d  Petro-D-Dust, thought t o  b e  an  

unre f ined  c o t t o n  seed o i l ,  was l a b o r a t o r y  eva lua ted  a s  a d u s t  p a l l i a t i v e /  

s u r f a c e  improvement agent  f o r  a sandy loam A-2-4 (0) s o i l  [ 1 6 ) .  A s  a mixed- 

in -p lace  a d d i t i v e  a t  0.1-0.25% by weight  i t  appeared t o  have good p o t e n t i a l  

e f f e c t i v e n e s s ,  but  a s  a p a l l i a t i v e  a t  an  a p p l i c a t i o n  r a t e  of 0.2-0.25 g a l /  

sq.yd., i t s  p o t e n t i a l  was no ted  a s  f a i r  t o  poor. No l i t e r a t u r e  regard ing  

f i e l d  a p p l i c a t i o n  of t h i s  p rodzc t  h a s  been found. 

Coherex, Table 3, h a s  been noted by t h e  manufacturer  a s  a concen t ra ted ,  



highly  s t a b l e  emulsion of petroleum o i l s  and r e s i n s ,  c o n s i s t i n g  of about  

60% r e s i n s  and 402 wet t ing  s o l u t i o n s  [5,31].  Of t h e  c i t a t i o n s  of Coherex 

in Table 3,  e f f e c t i v e n e s s  was good o v e r a l l .  The except ion was noted with 

a  double s u r f a c e  spray a p p l i c a t i o n  i n  Marion County, Iowa, wi th  a  ve ry  

absorp t ive  roadway aggregate  which produced less than one month longev i ty ;  

much s h o r t e r  than a n t i c i p a t e d .  Costs of Coherex, Table 3 ,  were q u i t e  

v a r i a b l e  depending on (1)  a p p l i c a t i o n  r a t e s ,  and ( 2 )  d i s t a n c e  from p o i n t  

of manufacture,  Bakers f i e ld ,  C a l i f o r n i a .  

Roads and S t r e e t s  magazine [ 4 0 ] ,  desc r ibed  a  program of d u s t  c o n t r o l  

on heav i ly  t r a v e l e d ,  g r a v e l  su r faced ,  p l a n t  h a u l  roads ,  us ing Coherex a s  

a  p a l l i a t i v e .  A sav ings  was provided i n  terms of t r u c k  time, Labor, and 

use and maintenance w i t 5  b lade  g r a d e r s  when compared t o  use of water  only 

f o r  dus t  c o n t r o l .  

Coherex met d u s t  c o n t r o l  expec ta t ions  of a t  l e a s t  two weeks d u r a t i o n  

on a  temporary unpaved a c c e s s  road and yard a r e a  when used by t h e  Kew York 

DOT [ 2 8 ] .  The product was app l ied  a s  a  1:7 d i l u t e d  s p r a y ,  a t  a r a t e  of 

0.5-1.0 g a l l s q - y d .  on a  twelve inch t h i c k  crushed s l a g  m a t e r i a l  of 2 inch  

maximum s i z e  conta ining l e s s  than 10% f i n e s .  

During dry weather cond i t ions  on roadways c o n s i s t i n g  of c l a y s  t o  

g rave l s  and of l e s s  than 100 ADT, spray  app l ied  Cuherex has  been repor ted  

a s  producing f a i r  d u s t  c o n t r o l  measures in B r i t i s h  Columbia [27].  However, 

calcium c h l o r i d e  was noted a s  producing equ iva len t  o r  somewhat b e t t e r  

e f f e c t i v e n e s s  f o r  s i m i l a r  weather and roadway m a t e r a l s  cond i t ions .  

A s  a  s u r f a c e  a p p l i e d  pene t ran t  t r ea tment ,  Coherex has  been recommended 

f o r  roadway use  by t h e  P a c i f i c  Northwest Region, Fores t  Serv ice ,  f o r  use  wi th  

dense-graded rock of g r e a t e r  than 6X pass ing t h e  No. 200 s i e v e  both  w i t h  and 



without  i n i t i a l  s c a r i f i c a t i o n ,  vo lcan ic  c inders  and pumice, and M t .  S t .  Helen's  

v o l c a n i c  a s h  [ 2 9 ] .  Appl icat ion r a t e s  were recommended a t  1-1.5 gal /sq .yd.  

d i l u t e d  1:4 Coherex t o  water.  

A s o i l  p e n e t r a n t ,  Petro-S, Table  3 ,  h a s  been descr ibed a s  a  s u r f a c t a n t  

cons i s t i r ig  of e i t h e r  a  s o l u t i o n  o r  powder form of a  sodium a l k y l  e thy lene  

s u l f o n a t e  [15].  Following a  l a b o r a t o r y  s tudy  i t  was incorpora ted  a s  a  h inch 

depth  f i e l d  mixed-in-place s t a b i l f z a t i o n / d u s t  c o n t r o l  agent  i n  a n  SC, h i g h l y  

c a l c i t i c  ( c a l i c h e )  s o i l  near  Vi l lanueva,  New Mexico, a t  a  c o n c e n t r a t i o n  of 

0.1% by s o i l  weight ;  t h e  dry  powder form having been d i spe rsed  i n  a  water  

t anker  p r i o r  t o  a p p l i c a t i o n .  S t a b i l i t y  p r o p e r t i e s  were noted t o  improve, 

and d u s t  e f f e c t i v e n e s s  was good a t  l e a s t  2.5 months a f t e r  c o n s t r u c t i o n ,  

A guar gum based powder c a l l e d  Esi-Duster, t h a t  produced a v i scous  
-.------. 

l i q u i d  when mixed a t  50 lbs /1000 g a l .  of water was recommended a t  an 

a p p l i c a t i o n  rate of 0.2 ga l / sq .yd . ,  wi thout  n o t a t i o n  a s  t o  m a t e r i a l  type  

t o  which a p p l i e d  [29] .  An a p p a r e n t l y  s i m i l a r  guar base  d e r i v a t i v e  was not  

recommended f o r  mixed-in-place f i e l d  a p p l i c a t i o n  wi th  a n  A-2-6(0) g r a v e l l y  

loam roadway s o i l  when app l i ed  dry  a t  a  r a t e  of 0.5-2.0% by s o i l  weight [16] .  

h'hen combined w i t h  2% l i g n i n  s o l i d s ,  0.5 t o  1.0% of t h e  guar d e r i v a t i v e ,  

c a l l e d  Polymer J B .  produced good l a b o r a t o r y  r e s u l t s ,  b u t  was n o t  recommended 

f o r  f i e l d  t e s t s  wi th  t h e  A-2-6 (0) s o i l  due t o  c o s t  [16].  

P /E Addi t ives  - 
The t h i r d  mechanis t ic  grouping of products  i n  Table 3 ,  i . e . ,  P/E 

a d d i t i v e s ,  i .nclude a  w i i e  v a r i e t y  of p l a s t i c s ,  polymers, r e s i n s ,  and 

e las tomers ,  t h e  l a t t e r  being predominantly of a  l a t e x  form. While t h e  

p o s s i b l e  chemical-consti tuency of many of t h e s e  products  a r e  a t  l e a s t  



p a r t i a l l y  descr ibed i n  Table 3 ,  a c t u a l  chemical makeup is  usua l ly  more 

complex than  no ted ,  and i n  some i n s t a n c e s  i s  t o t a l l y  p r o p r i e t a r y ,  a s  may 

be noted only by t h e  manufacturers/distributors t r a d e  names, Included i n  

t h i s  group of products  a r e  Polybind Acry l ic  DLR 81-03. Amsco Res AB 1881. 

Ter rakre te  No. 2 ,  S u r f a s e a l ,  Aerospray 70, Curasol AE, Foramine 99-194, 

Polyvinyl Aceta te  emulsion, Urethane l i q u i d ,  copolymer of methacryla tes  

and a c r y l a t e s ,  l a t e x  emulsion, petroleum r e s i n  emulsion,  and Corexit  178. 

With f o u r  except ions  a l l  of t h e  P I E  products  a r e  noted i n  Table  3 a s  

having been spray  app l ied ;  t h e  Corexi t  178,  po lyv iny l  a c e t a t e  emulsion, 

and copolymer of methacryla tes  and a c r y l a t e s  having been both  sprayed and 

mixed-in-place, and t h e  ure thane mixed t o  a depth  of l e s s  than 0.5 inch.  

Of t h e  sp ray  a p p l i c a t i o n s  of t h e s e  products ,  twelve were noted from t h e  

l i t e r a t u r e  a s  producing good e f f e c t i v e n e s s ,  f i v e  a s  f a i r ,  and only t h e  

Amsco Res AB 1881 a s  poor; t h e  l a t t e r  l a s t i n g  l e s s  than  two weeks on a low- 

volume county roadway. 

Of t h e  spray-applied P/E products  showing good t o  f a i r  e f f e c t i v e n e s s  

i n  Table 3,  longev i ty  appeared t o  v a r y ,  bu t  w a s  g e n e r a l l y  of good d u r a t i o n .  

Var ia t ions  of longev i ty  of e f f e c t i v e n e s s  appeared r e l a t e d  t o  t h r e e  c o n d i t i o n s  

of observance of t h e  t r e a t e d  roadways and/or  qu iescen t  a r e a s ;  (1) no f u r t h e r  

observat ions  o r  i n - s i t u  t e s t i n g  was conducted, (2)  t h e  product had f u l f i l l e d  

i t s  a n t i c i p a t e d  expec ta t ion  of c o n t r o l  needs ,  o r  (3)  t h e  product showed 

f a i l u r e  a f t e r  t h e  per iod of e f f e c t i v e n e s s  noted.  

S o i l s  wi th  which t h e  P I E  grouping of products  of Table 3 were u t i l i z e d ,  

ranged from g r a v e l  and sands, t o  f i n e r  gra ined c layey m a t e r i a l s  and mine 

t a i l i n g s ,  though with  s e v e r a l  of t h e  l i t e r a t u r e  c i t a t i o n s ,  t h e  s o i l s  were 

n o t  descr ibed.  Purpose of s o i l  t rea tment  wi th  each of t h e s e  products  v a r i e d  



from roadway and h a u l  road d u s t  c o n t r o l ,  t o  c o n t r o l  of d u s t  on non- t ra f f i cked  

o r  qu iescen t  a r e a s ,  wind e r o s i o n ,  s l o p e  and s p o i l  bank e r o s i o n ,  and mine 

t a i l i n g s  and pond d u s t .  I n  o r d e r  t o  achieve t h i s  d i v e r s i t y  of purpose of 

t rea tment  through sp ray  a p p l i c a t i o n  on ly ,  those  products  producing good e f f e c -  

t i v e n e s s  had t o  provide  a  con t inu ing  i n t e r a c t i n g  mat r ix ,  o r  aggrega t ion ,  of 

f i n e  p a r t i c u l a t e s  a t  t h e  s u r f a c e ,  a s  w e l l  a s  a  p a r t i a l  p e n e t r a t i o n  of  loose  

s u r f i c i a l  p a r t i c u l a t e s  t o  bond t o  a n  under ly ing base .  

Where r e p o r t e d ,  t h e  PIE produc t s  of Table 3 ranged i n  c o s t  from about  

$0.06/sq.yd. t o  $1.59/sq.yd. I n  most i n s t a n c e s  such c o s t s  involved on ly  t h e  

product ,  l a b o r  o r  equipment was n o t  included.  The variability of c o s t s  

should be considered i n  t h e  c o n t e x t  of d i l u t i o n  and a p p l i c a t i o n  r a t e s ,  as 

w e l l  a s  t h e  po in t  of t i m e  a t  which such c o s t s  were repor ted .  

Where spray a p p l i e d  f o r  roadway d u s t  c o n t r o l ,  Aerospray 70, Curasol  

AE, Foramine 99-194, Po lyv iny l  a c e t a t e  emulsion,  and Corexi t  178 appeared a s  

v i a b l e  p a l l i a t i v e s ,  Table 3 .  Where sp ray  a p p l i e d  f o r  purposes of d u s t  c o n t r o l  

on u n t r a f f i c k e a  o r  qu iescen t  a r e a s ,  T e r r a k r e t e  No. 2 ,  S u r f a s e a l ,  and Corexi t  

178 appeared a s  v i a b l e  a g e n t s .  Where Spray a p p l i e d  p r i m a r i l y  a s  s l o p e  o r  

water  e r o s i o n  p roduc t s ,  p o l y v i n y l  a c e t a t e  emulsion,  u re thane  l i q u i d ,  copolymer 

of me thacry la tes  and a c r y l a t e s ,  and l a t e x  emulsion appeared as v i a b l e  

products .  Corexi t  178,  copolymer of me thacry la tes  and a c r y l a t e s ,  and po lyv iny l  

a c e t a t e  emulsion,  appeared t o  produce s a t i s f a c t o r y  e f f e c t i v e n e s s  r a t i ~ l g s  

when mixed-in-place, r e g a r d l e s s  of purpose of t r ea tment .  

h?.,ile not presented i n  Table 3 ,  Corexi t  178 was f i e l d  t r i a l e d  a s  both  

a sp ray  a p p l i e d  qu iescen t  and mixed-in-place d u s t  c o n t r o l  a g e n t ,  a s  w e l l  as 

a s l o p e  e r o s i o n  c o n t r o l  agent  i n  Colombia, South America, and was repor ted  



as producing v i a b l e  e f f e c t i v e n e s s  f o r  both treatment purposes i n  a s i l t y  

sand s o i l  [25]. S o i l  Seal  (Table 2) and Corexit  178 have a l s o  been used 

i n  Colorado f o r  prevent ion of wind e r o s i o n  of spen t  o i l  s h a l e  d i s p o s a l  

dumps, and have been repor ted a s  v i a b l e  products f o r  such usages [ 2 5 ] .  

Epoxy r e s i n s  have been l abora to ry  evaluated a s  s o i l  s t a b i l i z a t i o n  agen t s  

f o r  use where t r a f f i c a b i l i t y  under heavy loads  must be accomplished i n  a  

s h o r t  time span,  wi thout  s u s c e p t i b i l i t y  t o  water ,  o i l s ,  o r  o t h e r  hydrocarbons 

[ 3 2 ] .  When cured,  epoxy r e s i n  is  an  i n e r t  s o l i d .  Tr ied wi th  a  range of f o u r  

s o i l s  varying from a  dune sand t o  an  A-7-6(18) s i l t y  c l a y ,  t h e  epoxy r e s i n s  

were noted t o  produce e x c e l l e n t  s t a b i l i t y  and very low water  s u s c e p t i b i l i t y  

when mixed a t  about 3% by weight wi th  t h e  more sandy s o i l s ,  bu t  were n o t  a s  

s a t i s f a c t o r y  wi th  t h e  h i g h e r  c l a y  content  s o i l s .  These products were n o t  

put t o  f i e l d  t r i a l s  due t o  c o s t ,  b u t  a r e  presented h e r e i n  a s  i l l u s t r a t i n g  t h a t  

many products n o t  normally thought of a s  being a p p l i c a b l e  f o r  s o i l  s t a b i l i z a t i o n ,  

su r face  improvement, e ros ion  c o n t r o l ,  o r  d u s t  c o n t r o l  purposes may a c t u a l l y  

have p o t e n t i a l  v i a b i l i t y  i n  such s o i l  usages. 

A water  m i s c i b l e  p r o p r i e t a r y  p o l y e s t e r  r e s i n ,  Stypol  40-5020, was 

labora to ry  evaluated a s  a  d u s t  p a l l i a t i v e / s u r f a c e  improvement agent wi th  an  

A-2-4 sandy loam s o i l  and was recommended f o r  f i e l d  t r ials  a t  a r a t e  of 0.5% 

by weight [16].  

Polymeric products  have been u t i l i z e d  f o r  s o i l  s t a b i l i z a t i o n  s t u d i e s  

f o r  many y e a r s .  I n  an ex tens ive  l a b o r a t o r y  search f o r  a  chemical product 

which could s o l i d i f y  a  range of s o i l s  from sands t o  c l a y s ,  a l a b o r a t o r y  

i n v e s t i g a t i o n  u t i l i z e d  a calcium a c r y l a t e  monomer, polymerized wi th  a  redox 

c a t a l y s t  and mixed wi th  t h e  s o i l s  t o  form a  f l e x i b l e  product having s i g n i f i c a n t  



t e n s i l e  s t r e n g t h  and wi ths tanding d e t e r i o r a t i n g  e f f e c t s  of water  [41].  

U t i l i z i n g  from 10 t o  20% by weight of such product ,  i t  was recommended f o r  

a  number of a p p l i c a t i o n s ,  including temporary and access  roads ,  bu t  was 

noted as  extremely expensive. I n  a  f u r t h e r  study of a c r y l a t e  polymer 

products [42], i t  was noted t h a t  up t o  0.1% by weight of a  sodium poly- 

a c r y l a t e  could inc rease  s t r e n g t h  and induce aggregat ion of s o i l  p a r t i c l e s .  

S i g n i f i c a n t  aggregat ion of s o i l  p a r t i c l e s  was a l s o  noted i n  a  l a b o r a t o r y  

i n v e s t i g a t i o n  of t h r e e  organic  polymers wi th  s o i l s  ranging from a n  A-1-b t o  

a n  A-6 181. S a t i s f a c t o r y  polymer conts i i t s  were of t h e  range of 0.1-0.32 by 

s o i l  weight. 

A t  s o i l  concentra t ions  of 5-102 by weight ,  a c r y l i c  polymers were found 

t o  c r e a t e  s t r o n g  water r e s i s t a n t  so i l / compos i te  systems (431. S o i l  s t r e n g t h s  

were observed t o  i n c r e a s e  over a  per iod of 1 0  days,  due t o  processes  a s s o c i a t e d  

wi th  evaporat ion of moisture and hardening of t h e  polymers [43] .  

S o i l s  t r e a t e d  wi th  0.1% polymer s o l u t i o n s  f o r  purposes of reinforcement 

were noted t o  provide improved compressive s t r e n g t h s  wi thout  reducing s o i l  

permeabi l i ty  [44].  A f u r t h e r  s tudy  confirmed these  r e s u l t s ,  and extended 

the  a p p l i c a t i o n  of polymer s o i l  t r ea tments  t o  wind and water  e ros ion  c o n t r o l ,  

where such r e s i s t a n c e  was increased considerably  i n  terms of t ime, as w e l l  

a s  providing p r o t e c t i o n  of t h e  s o i l  u n t i l  v e g e t a t i v e  cover was achieved [45] .  

A s tudy of polymer s t a b i l i z a t i o n  of sandy s o i l s  f o r  c o n t r o l  of wind and 

water e r o s i o n  ind ica ted  spray a p p l i c a t i o n  requ i red  l e s s  product,  and provided 

b e t t e r  e r o s i o n  r e s i s t a n c e  than mived a p p l i c a t i o n s  [46] .  Tes t  r e s u l t s  i n d i c a t e d  

good e ros ion  c o n t r o l  d i d  not  n e c e s s a r i l y  provide high s o i l  s t r e n g t h s ,  and 

t h a t  changes i n  soi l /polymer  c h a r a c t e r i s t i c s  brought about from wate r  



i n t r u s i o n ,  i n d i c a t e d  polymer s t a b i l i z a t i o n  f o r  water  e ros ion  was not  a s  

s u c c e s s f u l  a s  f o r  wind e r o s i o n  a p p l i c a t i o n s .  The s tudy  a l s o  concluded 

t h a t  water based polymer emulsions were p r e f e r r e d  over  alcohol-based 

polymers. 

I n  sunnnary, P/E agen t s  appear t o  provide d e s i r a b l e  d u s t  c o n t r o l  and 

s t a b i l i z a t i o n  e f f e c t i v e n e s s  wi th  a  v a r i e t y  of s o i l s .  I n  genera l ,  such 

products ,  on a  u n i t  c o s t  b a s i s ,  a r e  expensive.  However, they have genera l ly  

been u t i l i z e d  a t  ve ry  low s o i l  concen t ra t ions ,  t h u s  making such products  

economically v i a b l e  f o r  d u s t  c o n t r o l  p r a c t i c e s .  

PRODUCT RECOMMENDATIONS FOR PHOENIX AREA S9ILS 

Perusa l  of Tables 2 and 3 ,  p l u s  t h e  t e x t  of t h e  preceding s e c t i o n  of 

t h i s  r e p o r t ,  suggests  t h a t  many d u s t  c o n t r o l  products  may be s o i l  o r  s i te  

s p e c i f i c .  Product A may provide good e f f e c t i v e n e s s  i n  l o c a t i o n  X w i t h  

s o i l  c l a s s i f i c a t i o n  SC, b u t  when t r i e d  i n  l o c a t i o n  Y with  t h e  same SC 

c l a s s i f i e d  s o i l ,  t h e  product may have been r a t e d  on ly  f a i r  t o  poor.  

Por t ions  of the  reasons  f o r  such v a r i a t i o n  i n  e f f e c t i v e n e s s  have been 

presented i n  t h e  "Summary of Mechanism of Dust Control" s e c t i o n  of t h i s  

r e p o r t  a s  w e l l  a s  wi th  s e v e r a l  of t h e  products  i n  r e l a t i o n  t o  t h e i r  

i n d i v i d u a l  mechanis t ic  groupings.  

It i s  rhere fore  assumed t h a t  i n  any i n i t i a l  d u s t  c o n t r o l  f i e l d  

exper imentat ion,  t h e  Arizona DOT would p r e f e r  t o  examine and/or  e v a l u a t e  

a s h o r t  l i s t i n g  of products  which z r e  judged h e r e i n  a s  providing p o t e n t i a l  

d u s t  c o n t r o l  t o  t h e  wides t  p o s s i b l e  v a r i e t y  of Phoenix met ropo l i t an  area 

s o i l s .  If accepted,  such p roduc t s  could then be p u t  i n t o  immediate p r a c t i c e ,  
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w i t h  a d d i t i o n a l  product e v a l u a t i o n s  t o  commence t h e r e a f t e r .  It i s  a l s o  

assumed t h a t  i n  any i n i t i a l  f i e l d  exper imenta t ion,  both  longterm and 

temporary measures of d u s t  c o n t r o l  should  be considered.  

With t h e  aforementioned assumptions c l e a r l y  i n  mind, of t h e  products  

p resen ted  i n  t h e  previous  s e c t i o n s  of t h i s  r e p o r t ,  f o u r  b inder  and P I E  

agen t s  a r e  recommended a s  probably having t h e  most immediate a p p l i c a b i l i t y  

i n  t h e  Phoenix a r e a  a s  based on p o t e n t i a l  longev i ty ,  a r e a  s o i l  p r o p e r t i e s ,  

and g e n e r a l  product p o t e n t i a l .  These products  a r e :  

CSS-I a s p h a l t  emulsion, of a t  l e a s t  l i g h t  c a t i o n i c  v a r i e t y ,  - not  non-ionic.  

Coherex. 

Corexi t  178 .  

S o i l  Seal .  

While t h e  recommendation of t h e s e  products  i s  based on t h e  examination of both  

s o i l s  and products  presented i n  t h i s  r e p o r t ,  such recommendations a r e  a l s o  a  

ma t te r  of o b j e c t i v e  judgment on t h e  p a r t  of t h e  writer. However, i t  i s  t h e s e  

p roduc t s  which appear t o  have t h e  g r e a t e s t  p o t e n t i a l  t o  be placed i n  immediate 

f i e l d  t r i a l s ,  wi thout  r e q u i r i n g  cons ide rab le  l a b o r a t o r y  e v a l u a t i o n .  

I n  a d d i t i o n ,  each of the  f o u r  products  i s  a v a i l a b l e  today; many of t h e  

o t h e r  b i n d e r s  and PIE products  a r e  of ques t ionab le  a v a i l a b i l i t y .  Each of  t h e  

f o u r  appears  t o  provide  reasonable  longev i ty  of c o n t r o l  wi th  a  r e l a t i v e l y  wide 

range of s o i l s  f o r  t o p i c a l  a p p l i c a t i o n  t o  qu iescen t  a r e a s .  With t h e  excep t ion  

of S o i l  S e a l ,  t h e  remaining t h r e e  p roduc t s  appear t o  provide  reasonab le  longev i ty  

of c o n t r o l  wi th  a v a r i e t y  of s o i l s  f o r  mixed-in-place a p p l i c a t i o n s  under 

p o s s i b l e  v e h i c u l a r  load ings ;  t h e  dominant usage of S o i l  Seal having been in 

qu iescen t  d u s t  c o n t r o l  o r  e r o s i o n  a p p l i c a t i o n s .  

For temporary d u s t  c o n t r o l  measures,  t h e  c a p i l l a r y  m o d i f i e r s  of 

ca lc ium and/or  magnesium c h l o r i d e s  a r e  recommended a s  having t h e  most 



immediate applicability for soils of the Phoenix area. As noted previously 

however, the low humidity of the region may tend to affect usefulness of 

these products as even temporary dust control agents, possibly limiting their 

usability to winter seasons when greater humidity might be anticipated. 

Products which should be considered for future evaluation are 

predominantly of the binder or P/E mechanistic groupings, with primary 

application emphasis as mixed-in-place to a minimum 2 inch depth. Recommended 

are amonium lignosulfonate and one or more of the plastic and elastomeric 

products, such as the polyvinyl acetate, urethane, and latex emulsions. 

Development of any detailed field trials, hdget, impact statement, 

objectives for implementation, and follow-up investigations or monitoring, 

are beyond the scope of the preceding recommendations of this report. This 

is due to the fact that implementation of such recommendations must initially 

be coordinated with a specific site, or sites, the soil characteristics 

thereof, and the anticipated construction project plans, processes, and 

specifications being considered therein. 

A primary consideration for proceeding with implementation of the 

preceding recommendations however, is the potential cost effectiveness of 

such products versus continuing watering operations. A few illustrations 

of cost are thus in order. Product, equipment, and labor costs used in 

the following illustrations may or may not be specifically applicable to 

the Phoenix area but are assumed for illustrative purposes only. 

Water tanker--spray bar equipped ---------------- $ 3Whr 

Tanker equipped with nurse feed to mixer -------- $ 45 /hr  

Motor grader  with scar if i er teeth --------------- $ 55/hr 



Travel-plant mixer, with feed pump and 
spray bar - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - -  ----- -- $1 90/hr 

Anticipated longevity with product treatment: 

Non-trafficked quiescent areas .................... 6 months 

spray a p p l  i ed haul roads .......................... 2 weeks 

Mixed-in-place haul roads, 4 inch depth, with 
surface maintenance and product rejuvenation 
at 2 week intervals ............................ 3 months 

Water and product costs: 

Water (includes equipment and operator costs) ----- $8/1000 gallonsa 

Aspha] t mul si on .................................. $0.65/ga 1 1 on 

chemical .......................................... $S.OO/gal Ion 

For non-trafficked quiescent areas consisting of one acre or 4840 sq.yds., 

it was assumed that water only would be applied twice daily at a rate of 1.0 

gal/sq.yd., for a total daily cost of $ 7 7 .  For comparison over the 6 month 

anticipated longevity of a chemical treatment, the cost of water was thus 

estimated at $13,939. A 102 active chemical costing $5.00/gal., diluted in 

water, with the dilution applied at 1 gal/sq.yd. in or6er to provide 0.12 

by soil weight at one inch of penetration, was estimated to require 566 gal. 

of product, and 4 2 7 4  gals. of water, for a total cost of $ 2 8 0 4 .  Anticipated 

equipment and laborers for this product application assumed a 5-hour 

operation involving 'a water tankerlsprayer, motor grader, pneumatic tire 

a 
As received from Mr. Steve Tritsch, ATRC 



. r o l l e r ,  2 l a b o r e r s ,  and 1 s u p e r v i s o r ,  o r  $182/hr ,  f o r  a  t o t a l  of $910. 

T o t a l  e s t ima ted  c o s t ,  wi th  p o s s i b l e  6 month longev i ty ,  was t h u s  $3774, - o r  

l e s s  than 30% of t h e  es t ima ted  c o s t  of water  only .  

The a r e a  of d u s t  c o n t r o l  coverage f o r  a  spray a p p l i e d  h a u l  road was 

assumed a s  28 f t .  width and one m i l e  l eng th .  I f  water  were app l i ed  hour ly  

over  a  10 h r .  day a t  a  r a t e  of 1 . 0  gal /sq .yd. ,  c o s t  of such an o p e r a t i o n  was 

es t ima ted  a t  $1314/day. For comparison w i t h  t h e  assumed two week longev i ty  

of a  s u r f a c e  a p p l i e d  chemical ,  wa te r  c o s t s  f o r  t h e  14  day per iod would be  

$18,398. I f  i t  were a l s o  assumed t h a t  wa te r  a p p l i c a t i o n  would r e q u i r e  b lade  

g rad ing  of 2 h r s / d a y  f o r  t h e  14 days ,  an a d d i t i o n a l  $1540 of equipment c o s t s  

would r a i s e  t h e  t o t a l  e s t i m a t e  t o  $19,938. Assuming a n  average dep th  of 

p e n e t r a t i o n  of 1 i n c h ,  t h e  $5.00/gal  chemical needed a t  0.12 s o i l  we igh t ,  

and app l i ed  i n  a  d i l u t e d  form a t  t h e  r a t e  of 1 .0  ga l / sq .yd . ,  t h e  h a u l  road 

would thus  need 1920 g a l .  of product and 14,507 g a l s .  of wa te r  a t  a  combined 

c o s t  of $9716. Equipment and l a b o r  u t i l i z e d  would be t h e  same a s  f o r  t h e  

non- t ra f f i cked  a r e a ,  $182/hr. ,  but  f o r  a  pe r iod  of 10 hours ,  o r  a  c o s t  of 

$1820. To ta l  product /equipment / labor  e s t ima ted  c o s t s  would thus  be $11,536, -- 

o r  about 63X t h e  c o s t s  of wa te r  and b lad ing  over  a  p o s s i b l e  two week span 

of longev i ty .  

I n  t h e  fo l lowing  c o s t  e s t i m a t e s  f o r  two products  mixed t o  a  dep th  of 

4 i n c h e s ,  no e s t i m a t e  of wa te r  was included w i t h  e i t h e r ,  s i n c e  q u a n t i t y  

would be dependent on the aptimum mois tu re  con ten t  f o r  naximun: d e n s i f i c a t i o n  

and could vary  cons ide rab ly  between the  two products .  A CSS-I a s p h a l t  

emulsion,  a t  an  assumed r e s i d u e  con ten t  of  5 7 2 ,  was in t roduced t o  t h e  s o i l  

a t  4% r e s i d u a l ,  o r  about 7.0% t o t a l  emulsion. Length and width  of t h e  h a u l  

road was aga in  5280 f t  and 28 f t ,  r e s p e c t i v e l y .  Quant i ty  of emulsion was 



est imated a t  53,233 g a l s . ,  f o r  a cos t  of $34,602. Equipment and l a b o r  

was es t imated f o r  two 10-hr. days and included a  t r ave l -p lan t  mixer,  

motor g rader ,  water  t a n k e r  wi th  n u r s e  feed t o  mixer,  v i b r a t o r y  compactor, 

pneumatic t i re  r o l l e r ,  3  l a b o r e r s ,  and one superv i sor ,  o r  $436/hr,  f o r  a  

t o t a l  of $8720. It was a l s o  assumed t h a t  every two weeks f o r  t h e  t h r e e  

month a n t i c i p a t e d  longev i ty ,  a  1 :6  emulsion t o  water d i l u t i o n  would be 

required a s  a  s u r f a c e  d r e s s i n g ,  app l ied  a t  a r a t e  of 0.25 gal/sq.yd.  

U t i l i z i n g  a  3  h r .  opera t ion  of b lade g r a d e r ,  pneumatic r o l l e r ,  t anker ,  

3  l a b o r e r s ,  and a  s u p e r v i s o r ,  t h e  c o s t s  would be  about $2670 f o r  t h e  

emulsion, and $3618 f o r  equipment and personnel ,  o r  a  t o t a l  of $6288. 

Thus f o r  an  a n t i c i p a t e d  longev i ty  of 3  months, i t  was es t imated t h a t  t h e  

CSS-I a s p h a l t  emulsion mixed-in-place a p p l i c a t i o n  would c o s t  about 

$49,610. 

Using t h e  same leng th ,  width,  and mixed-in-place depth c r i t e r i a  

wi th  t h e  chemical ,  app l ied  a t  0.1% by s o i l  weight,  es t imated cos t  of t h e  

product was i n i t i a l l y  $38,022. Equipment and personnel  f o r  i n i t i a l  

cons t ruc t ion  would add about t h e  same c o s t  a s  wi th  t h e  a s p h a l t  emulsion,  

o r  $8720. As a  s u r f a c e  d ress ing  each 2  weeks of t h e  3 month a n t i c i p a t e d  

longevi ty ,  t o  r e v i t a l i z e  t h e  s u r f a c e  chemical t o  t h e  0.1% by s o i l  weight 

concen t ra t ion ,  c o s t s  of t h e  chemical were es t imated at $20,550, us ing 

a  1:6 d i l u t i o n  of chemical t o  water ,  app l ied  a t  a  r a t e  of 0.25 gal /sq .yd.  

Equipment 2nd personnel  f o r  t h e  p e r i o d i c  s u r f a c e  d r e s s i n g  were assumed 

equal  t o  t h e  emuls i f i ed  a s p h a l t ,  o r  $3618. T o t a l  c o s t s  were t h e r e f o r e  

$70,910 f o r  t h e  3 month per iod.  



For comparative purposes wi th  t h e  a s p h a l t  emulsion and chemical 

mixed-in-place es t ima ted  c o s t s ,  water  a p p l i c a t i o n  was assumed f o r  t h e  3 

month per iod a t  once p e r  hour,  10 h r s l d a y ,  over  t h e  same l eng th  and width  

of h a u l  road,  f o r  $118,260. A two hour d a i l y  b lade  o p e r a t i o n  was es t imated 

a t  an a d d i t i o n a l  $9900. T o t a l  comparative c o s t  was thus  es t ima ted  a t  

$128,160, o r  about  2.5 t imes  t h e  e s t i m a t e  f o r  the  a s p h a l t  emulsion,  and 

about 1.8 t imes g r e a t e r  than  t h e  chemical;  both  r e l a t i v e  f a c t o r s  should b e  

reduced,  however, when c o s t  of water  f o r  a t t a i n i n g  optimum mois ture  con ten t  

i s  included.  

The preceding c o s t  e s t i m a t e s  i l l u s t r a t e  t h e  p o t e n t i a l  v a l i d i t y  of 

use  of d u s t  c o n t r o l  agen t s  ve r sus  wa te r  opera t ions  w i t h i n  c o n s t r u c t i o n  

zones from an economic s t a n d p o i n t .  It should  be obvious however, t h a t  p r i c e s  

s e l e c t e d  f o r  each item w i t h i n  t h e s e  i l l u s t r a t i o n s  may va ry  from those  a c t u a l l y  

achieved dur ing a f i e l d  t r i a l  and follow-up i n v e s t i g a t i o n .  For example, t h e  

f o u r  recommended b inder  and P / E  agen t s  may very  w e l l  be h i g h e r  o r  lower i n  

t h e i r  de l ive red  c o s t s  t o  t h e  Phoenix a r e a  than used w i t h i n  each i l l u s t r a t i o n .  

I n  a d d i t i o n ,  r a t e s  of water  a p p l i c a t i o n  may vary i n  terms of c o n s t r u c t i o n  s i te  

l o c a t i o n  and s o i l  type,  and may thus  be h igher  o r  lower than  u t i l i z e d  i n  each 

i l l u s t r a t i o n .  Regardless of such v a r i a t i o n s ,  from an economic and environmental  

po in t  of view, t h e  usage of d u s t  c o n t r o l  agen t s  on c o n s t r u c t i o n  s i t e s  i n  t h e  

Phoenix met rapo l i t an  a r e a  appears  t o  demand f i e l d  eva lua t ion .  



ACKNOWLEDGMENTS 

Sincere  a p p r e c i a t i o n  i s  ?xpr&ssed t o  t h e  Arizona Department of 
I 

Transpor ta t ion  f o r  t h e  oppor tuni ty  t o  compile t h i s  l i t e r a t u r e  review 

and f e a s i b i l i t y  s tudy  of p o t e n t i a l  dus t  c o n t r o l  of c c n s t r u c t i o n  sites 

i n  t h e  Phoenix met ropo l i t an  area. Having been i n  t h e  Phoenix a r e a  s e v e r a l  

t imes ,  t h e  author  i s  w e l l  aware of t h e  need f o r  dus t  c o n t r o l  i n  t h e  

region.  A s p e c i a l  thanks t o  a d i s p l a c e d  Iowan, M r .  Steve T r i t s c h ,  ATRC, 

f o r  h i s  u n f a i l i n g  a s s i s t a n c e  i n  t h e  conduct of t h i s  s tudy ,  and t o  M r .  J e f f  

Yang, graduate  s t u d e n t ,  and Mr. Dave Robson, s e c r e t a r y ,  Spangler Geotechnical  

Laboratory,  Iowa S t a t e  Univers i ty ,  f o r  t h e i r  a s s i s t a n c e  i n  the p r e p a r a t i o n  

of this manuscript .  



-58- 

SELECTED REFERENCES 

1. Coccidioidomycosis. The Second Symposium on Coccidioidomycosis. Phoenjx, 
Arizona, December 8-10, 1965. University of Arizona Press. Tu~~con, 
Arizona. 

2.  Soil Survey of l'aricopa County, Arjiona, Central Part. U.S. Department of 
Agriculture, Soil ConservaLion Service, in cooperation with University 
of Arizona, P.gricultura1 Experiment Station. September 1977. 

3. Si!l Survey of Eastern MarLcopa and Northern Pinal Counties Area, Arizona. - 
2 . 5 .  Depa~Lment of Agriculture, Soil Conservation Service, in 
cooperation with Arizona Agricultural Experiment Station. November 
1974. 

4. Lustig, M.T. Control of Unpaved Road Dust with Emulsified Asphalts. 
Unpublished Master of Science thesis, Iowa State University, Ames, 
Iowa. 1980. 

5. Hoover, J.M. et al. Mission-Oriented Dust Control and Surface Improvement 
Processes for Unpaved Roads. Final Report. Submitted to Highway 
Division, Iowa Department of Transportation, Project HR-194. May 
1981. 

6 .  Smith, R.M., Twiss, P.C., Krauss, R.K., and Brown, M.J. "Dust Deposition in 
Relation to Site, Season, and Climatic Variables." Proc. Soil 
Science Society of America, 34, Vol. 1, 1970, pp. 112-117. 

7 .  Cooper, D.W., Sullivan, J.S., Quinn, M., Antonelli, R.C., and Schneider, M. 
Setting Priorities for Control of Fugitive Particulate Emissions 
from Open Sources. Environmental protection Agency, Report 186, 
1979. 

8. Hoover, J.M., and Hoffman, R.C. Evaluation of Three Organic Polymers as 
Soil Stabilization/Dust Palliation Products. Phase I Final Report. 
Submitted to Exxon Chemical Company, Houston, Texas. Piay 1985. 
Phase I1 presently underway. 

9. Handy, R.L., Hoover, J.M., Bergeson, K.L., and Fox, D.E. "Unpaved Roads 
as Sources of Fugitive Dust. " Transportation ~esearch- ~ e w s  , 60, 
1975, pp. 6-9. 

10. Skempton, A.V. The Colloidal Activity of Clays. Proc. 3rd Intern. 
Conf. Soil Mech. and Foundation Engr., Vol. 1, p. 57, Switzerland, 
1953. 

11. Grim, Ralph E. Applied Clay Mineralogy. HcGraw-Hill, Kew York, 1962. 

12. Federal Highway Administration. America's Highways, 1776-1976. Washington: 
U.S. Department of Transportation, 1976. 



United Nations. Fine Particulate Pollution. Pergamon Press, 1979. 

Chemical Stabilization of Soils. Transportation Research Board, 
Information Series, Group 2, Design and Construction of 
Transportation Facilities, No. 8, April 1977. 

Hoover, J.M. and Handy, R.L. Chemical Compaction Aids for Fine Grained 
Soils. Final Report, Volumes I and 11. Prepared for Federal 
Highway Administration, Office of Research and Development, 
Materials Division. Washington, D.C., Report No. EllJA-RD-79-63, 
June 1978. 

Hoover, J.M., Bergeson, K.H., Fox, D.E., Denny, C.K., and Handy, R.L. 
Surface Improvement and Dust Palliation of Unpaved Secondary Roads 
and Streets. Final Report, Iowa Highway Research Board Project 
HR-151. July 1973. 

Blunck, T.R. Lignosulfonate Stabilization. Presented at the ARTBA-NACE 
National Conference on Local Transportation, Des Moines, Iowa. 
August 1975. 

Dust-Laying on Unsurfaced Earth and Gravel Roads. Road Research Laboratory, 
Department of the Environment, Crowthorne, Berkshire, England, 
Overseas Bulletin No. 14, 1971. 

Sultan, Hassan A. Soil Erosion and Dust Control on Arizona Highways, 
Part IVY Final Report, Field Testing Program. Report No. ADOT- 
RS-13(142)IV, prepared for Arizona Department of Transportation, 
Phoenix, Arizone, Nov. 1975. 

Sultan, Hassan A. Chemical Stabilization for Control of Dust and Traffic 
Erosion. Transportation Research Board, TRR 593, Washington, D.C. 
1976. 

Hoover, J.M., Squier, L.D., Solomon, P.L., Handy, R.L. Evaluation of 
Chemically Stabilized Secondary Roads-Linn County, Iowa. Engineering 
Research Institute, Iowa State University, Ames, Iowa. December 1975. 

Mulholland, R.W. Evaluation of Selected Dust Palliatives on Secondary 
Highways. Saskatchewan Department of Highweys, Regina, Saskatchewzn, 
Canada. Technical Report 18, December 1972. 

Morrison, W.R., and Sinmons, L.R. Chemical and Vegetative Stabilization 
of Soils--Laboratory and Field Investigations of Kew Materials and 
Nethods for Soil Stabilization and Erosion Control. U.S. Department 
of the Interior, Bureau of Reclamation, Denver, Colorado. Report 
REC-ERC-76-13, January, 1977. 

24. Private communication from W o n  Chemical Company, Polymers Group. 1986. 

25. Hoover, J.M. Related studies performed at Spangler Geotechnical Laboratory, 
Iowa State University, not reported in any literature. 



26. Hoover, J.M. and Hoffman, R.C. Magnesium Chloride as a Dust Palliative 
and Stabilization Additive for Unpaved Roadways. 'Final Report. 
Prepared for Great Salt Lake Minerals and Chemicals Corporation, 
Ogden, Utah. November 1983. 

27. UMA Engineering Ltd. Guidelines for Cost Effective Use and Application 
of Dust Palliatives. Prepared for Road and Transportation Association 
of Canada. March 1986. 

28. Transportation Research Board. Questionnaire on Chemical Stabilization 
of Soils and Rock. Washington, D.C. 1985. 

29. Langdon, Brian and Williamson, Ronald K. Dust-Abatement Materials: 
Evaluation and Selection. Third International Low-Volume Roads 
Conference, TRR 898, Transportation Research Board, Washington, 
D.C. pp. 250-257, 1983. 

30. Soil Stabilization Products Co., Merced, California. Bio-Cat 300, 
Engineering Evaluation Report and Product Manual. 1984. 

31. Golden Bear Division, WitcoChemical, Bakersfield, California. 

32. L u ,  Lin, and Demirel, T. Soil Stabilization With Epoxy Resin. Final 
Report, Iowa Highway Research Board Project HR-9 7, Iowa Engineering 
Experiment Station Project 505-S. Iowa State University. January 
1966. 

33. Butzke, Milton R. Organic Cationic and Sodium Chloride Soil Stabilization. 
Unpublished M.S. thesis, Iowa State University, hes, Iowa, 1974. 

34. Wicholls, R.L., and Davidson, D.T. Polyacids and Lignins Used with 
Large Organic Cations for Soil Stabilization. Highway Research 
Board, Bulletin 36, pp. 517-537. 1958. 

35. Ekse, M. Investigation of Use of Lignin Sulphonate as a Soil and Mineral 
Aggregate Binder. Report to Scott Paper Co., West Division, 
Everett, Washington. 1958. 

36. Hoover, J.M., Davidson, D.T., Plunkett, J.J., and Monoriti, E.J. 
Soil-Organic Cationic Chemical-Lignin Stablization. Highway 
Research Board, Bulletin 241, pp. 1-i3. 1959. 

37. Reyier, J. A Comparison Between Calcium Chloride and Xagnesiun Chloride 
as Dust Binding Agents on Gravel Roads. Royal Institute of 
Technology. Tack 70 S-10044, Stockholm, Sweden. 1972. 

38. Borgfeldt, M.J., and Ferm, R.L. Cationic Mixing Grade Asphalt Emulsions. 
Highway Research Board, Bulletin 41, pp. 195-210. 1962. 

39. Strombom, R.D. Emulsified Asphalts in Maintenance Operations. Presented 
at the WASH0 Conference, Portland, Oregon, June 1974. 



40. Roads and S t r e e t s  magazine. Dust Control  Programsales  Grading Watering 
Costs .  Vol. 117,  No. 5 ,  Chicago, Dun-Donnelly Pub l i sh ing  Corp., 
May 1974. 

41. Lambe, T. William. S t a b i l i z a t i o n  o f  S o i l s  wi th  Calcium Acry la te .  J o u r n a l  
of t h e  Boston Soc ie ty  of C i v i l  Engineers ,  Vol. X X X V I I ~ ,  No. 2 ,  A p r i l  
1951. 

42. Lambe, T.  William. The E f f e c t  of Polymers on S o i l  P r o p e r t i e s .  Proceedings  
o f  t h e  Third I n t e r n a t i o n a l  Conference on S o i l  Mechanics and Foundation 
Engineer ing,  pp. 253-257. Swi tzer land.  1953. 

43. Korshak, V.V. ,  Ogneva, N.E.,  Vvedenskaya, V.A., Smirnov, O.P., Mekhanteva, 
and Gozuadze, T.A. Use of Acry l i c  Polymers f o r  t h e  S t a b i l i z a t i o n  
of Over-Moist S o i l s .  Sov ie t  P l a s t i c s ,  1, 1971, pp. 59-62. 

44. Kadykov, V.V. ,  and Sever t sev .  Use of Polymers f o r  S o i l  Reinforcement. 
Sov ie t  P l a s t i c s ,  1 0 ,  1972., pp. 77-78. 

45. Revut, I . B . ,  Romanov, I . A . ,  and Maslenkova, G.L. I n c r e a s i n g  t h e  F e r t i l i t y  - 
and Res i s t ance  t o  Eros ion of S o i l s .  Sovie t  P l a s t i c s ,  9 ,  1972,  pp. 
74-77. 

4 6 .  S a d d i f i ,  R.A. ,  and Moore, J . C .  Polymer S t a b i l i z a t i o n  of Sandy S o i l s  f o r  
Eros ion Con t ro l .  T r a n s p o r t a t i o n  Research Board, TR Record 827,  
pp. 30-34, 1980. 


